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INTRODUCTION TO TELECOMMUNICATION PRODUCTS 

Advanced Micro Devices supplies system solutions for your telecommunications applications. AMD provides custom- 
ers with the most advanced integrated circuits, together with the software and development tools necessary for 
keeping pace with the ongoing revolution in telecommunications. AMD telecommunication products support applica- 
tions ranging from switches for the analog telephone network to terminals for the Integrated Services Digital Network 
(ISDN). 

Analog Subscriber Solutions 

AMD has established a leadership position in the telephone switching equipment marketplace with the Subscriber 
Line Interface Circuit (SLIC) and Subscriber Line Audio-Processing Circuit (SLAC™ and DSLAC™) products. These 
components are used in telephone Central Office Exchanges and PBXs around the world and are used in some of the 
most sophisticated Central Office Exchanges available today. 

AMD's many evaluation boards, software packages, kits, and extensive documentation allow quick evaluation of the 
SLIC/SLAC and DSLAC circuit's performance and features, and fast time-to-market for linecard applications. 

ISDN Solutions 

ISDN is the standard for the conversion of the world telephone network to an integrated, public digital network for both 
voice and data. ISDN technology is being implemented and tested in many parts of the world, and its use will acceler- 
ate as the speed and cost advantages of digital communications become readily apparent. The ISDN network will 
provide a multitude of new services through simultaneous transmission and reception of voice, data, and video over a 
common network. 

AMD's Am79C30A Digital Subscriber Controller™ ISDN circuit provides maximum functional integration consistent 
with international standards. It is the world's first ISDN terminal circuit that can be used to build ISDN telephones and 
terminals that conform to CCITT power specifications. This circuit, combined with EPROM, SRAM, a microcontroller, 
and a power controller, are all that is needed for a basic CCITT power-compliant telephone or terminal. AMD's ISDN 
development boards and support software guide the user through each step of the ISDN product development 
process, significantly reducing time-to-market. 

AMD's Complete Offering 

The telecommunication function is just one of the areas where AMD can aid design efforts. AMD is also a leading 
supplier of programmable logic devices, high-performance memories, the CISC and RISC processors, and related 
peripherals. 

AMD has developed more solutions than anyone else for getting applications to market faster with programmable 
logic. AMD offers the broadest, best-supplied line of programmable logic devices in the industry. 

AMD's total system solution for managing high-performance dynamic memories offers flexibility, integration, and per- 
formance with the industries fastest 32- and 1 6-bit error detection and correction circuits and the most flexible DRAM 
controllers and drivers. AMD is a pioneer in the field of specialty memory devices with an extensive line of bipolar and 
CMOS FIFOs. AMD also supplies a broad range of EPROM and SRAM products. 

AMD's Embedded Processor Division supplies 8- and 1 6-bit microcontrollers as well as bit block and field programma- 
ble controllers. This group also manufacturers the high-performance Am29000™ Family of 32-bit RISC processors. 
AMD also offers a line of iAPX microprocessors and related peripherals from the 8088 to the high-performance 
Am386™ microprocessor. 
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INTRODUCTION TO SLIC PRODUCTS 

AMD's Subscriber Line Interface Circuit (SLIC) products perform the telephone line interface functions required by 
most types of telephone switching and transmission equipment. In addition to supporting the BORSCHT functions 
(Battery Feed, Overvoltage protection, Ringing, Supervision, Coding, Hybrid and Test), the AMD SLIC Family offers 
such features as current limiting, on-hook transmission, polarity reversal, tip-open mode for ground start signaling, 
ground- key detection, and ground-key filtering. 

SLICs optimize linecard costs by minimizing the number of components needed per line, by minimizing the 
board space requirements, and by supporting automated manufacturing techniques not supported by alternative 
technologies. 

SLIC Types 

AMD's SLIC products are designed to address a number of different applications including: 

• Central Office Switches, 

• Private Branch Exchanges (PBXs) and Key Systems, 

• Digital Loop Carriers (DLCs), Multiplexers, Channel Banks, and Fiber-ln-The-Loop (FITL) equipment. 

SLICs intended primarily for Central Office applications are offered and comply with the most stringent standards set 
by the CCITT, Bellcore, and/or British Telecom. Central Office SLICs also incorporate a self-adjusting switching regu- 
lator to reduce power consumption to a minimum and enhance system reliability. Constant current feed SLICs, con- 
stant voltage feed SLICs, and versions of each SLIC that supports metering are offered in a variety of configurations 
and package types. 

AMD also offers SLICs optimized for otherswitching applications such as PBXs. These SLICs are specified and tested 
to meet the requirements of both the EIA/TIA-464-A and ETSI TE10-02 PBX standards. They have a wider battery 
operating range than the Central Office SLICs and will operate with either 24- or 48-V batteries. Also, the switching 
regulator function is either not offered or is optional, saving the cost of a few external components in applications 
where power control into short loops is unnecessary. 

Both Central Office and PBX SLICs support on-hook transmission and offer extended temperature performance, mak- 
ing either type ideal for Digital Loop Carrier and Multiplexer applications. SLICs from both Central Office and PBX 
families are offered that comply with Bellcore's TR-TSY-000057 Specification for DLCs, and TR-909 for FITL. 

Performance grades are offered for all AM D SLICs that support the various idle channel noise and longitudinal balance 
specifications worldwide. 

SLIC Functions 

The signal transmission functions of all AM D SLICs include both two-to-four wire and four-to-two wire conversion. The 
two-wire termination impedance is programmed with a single external impedance. The companion AMD SLAC or 
DSLAC IC (Single- or Dual-Channel Subscriber Line Audio-Processing Circuit) has a digital balancing filter that pro- 
vides the trans-hybrid loss function. If the DSLAC device is not used, most codec/filters provide an uncommitted 
op amp for this purpose. 

The SLICs battery feed architecture makes the DC feed characteristics programmable by external resistors. Further- 
more, these characteristics are independent of battery variations. AMD's PBX SLICs can operate from below 24 V to 
above 48 V, while the Central Office SLICs are optimized for 48-V operation. 

A polarity reversal function is provided on most SLICs which transposes the voltage applied to the A(TI P) and B(RING) 
leads with a controlled transition time. All transmission functions continue normally following the transition. A disable 
mode is also provided, limiting loop current and cutting power dissipation while allowing the full complement of super- 
visory functions to be utilized. 

SLIC Products 1-3 
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The supervisory functions of off-hook detection and ring-trip detection are read through a single, TTL-compatible 
output. To eliminate noise-induced errors, the off-hook signal may be filtered before being detected. Off-hook detec- 
tion has a threshold that is set by the value of an external resistor. Additional supervisory controls put the A lead into an 
open circuit (high impedance) state suitable for application in ground-start systems. Similarly, both the A and B leads 
may be open circuited to clear relays, recoverfrom line faults, orturn off out-of-service lines. Two relay drivers support 
ring and test relay functions, or can be used for other functions such as a message-waiting lamp. 

The SLIC's user-programmable states are controlled by a TTL-compatible code. The control inputs are designed to 
easily interface to popular single-chip microcontrollers, such as the industry standard 8051 , or to latched outputs from 
a SLAC or DSLAC device. 
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PRODUCT SELECTOR GUIDE 

The following selector chart shows the most commonly used AMD SLIC types offered at the time of publication. SLIC 
part numbers are shown at the top of the chart and are referenced to the principal SLIC characteristics and features on 
the left. Use this selection chart to identify a SLIC that meets the general needs of a specific application, then turn to the 
appropriate data sheet for detailed information. If there is no SLIC that meets these specific requirements, contact 
the local AMD sales office or the AMD Communication Products Division for information on new SLIC product 
offerings or other assistance. 

Bond-Out Options 

Some of the Central Office SLICs are offered in a number of different bond-out options. These SLICs are the 
Am7953n, Am7957n, Am79M53n, and Am79M57n, where the n is a number indicating the bond-out option used. 
Generally, the bond-out options are as follows. 

n = indicates that both EO and E1 functions are present, with one relay driver and no ground-key filter, 
n = 1 indicates that both EO and E1 functions are present, with a ground-key filter and one relay driver. 
n=2 indicates that the E1 function only is present, with two relay drivers. 
n = 3 indicates that the EO function only is present, with two relay drivers. 

n = 4 indicates that both EO and E1 functions are present, with two relay drivers (32-pin PLCC package). 

n = 5 indicates that both EO and E1 functions are present, with a ground-key filter pin and one relay driver (32-pin PLCC 
package). 

All these SLIC versions are potentially available, but not all are presently in production. Versions that are in volume 
production are indicated in the chart. If a specific bond-out configuration is not indicated to be in production, please 
contact AMD's Communication Products Division or the local AMD Sales Office. 

Performance Grades 

Each of the devices shown on the selector chart is offered in standard, -1 , and -2 performance grades. Enhanced 
performance is specified in the following areas: 

• Analog output DC offset 

• Longitudinal balance 

• Gain flatness and tracking 

• Idle channel noise 

• Power supply rejection ratio 

• Power dissipation 

The -2 performance grade has the same performance as the -1 grade except where noted. See the individual prod- 
uct's data sheet for more information. The -2 performance grade SLICs have also been characterized for extended 
temperature performance. See the SLIC Extended Temperature Supplement for information on industrial tempera- 
ture range (-40°C to +85 °C) specifications. 
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Selector Chart 
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SLIC FAMILY FUNCTIONAL DESCRIPTION 

The internal operation of the AMD Family of Subscriber 
Line Interface Circuits is summarized in the Block Dia- 
gram in each of the SLIC Family data sheets. The follow- 
ing sections describe in detail the operation of each 
block in these diagrams. 

Two-Wire Interface 

The function of the two-wire interface is to provide DC 
current and to send voice signals to a telephone appara- 
tus connected to the central office with a two-wire line. 
The two-wire interface also receives the returning voice 
signals from the telephone transmitter. 



The two-wire interface (see Figure 1 ) consists of two 
current mode line-driver amplifiers, line-voltage sensing 
circuits with AC/DC pass separation, and a loop-current 
sensing circuit. 

The current mode amplifiers driving the AXfTIPX) and 
BX(RINGX) pins are controlled by two input signals, l u 
and Li. Li controls the longitudinal (common mode) cur- 
rent, and Li controls the metallic (transverse) current. 




Figure 1 . Two-Wire Interface 1 1701 A-03 
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The two-wire currents are: 

l*x=K,(lu + lM,)andlBx=K,(lu-L) 

Where: K, is the internal current mode amplifier 
gain. 

I mi is equal to the current into the Receive Summing 
Node (RSN), which is the terminating point for the 
external networks controlling two-wire impedance, re- 
ceive gain, battery feed, and metering gain (in metering 
versions). These networks are described in detail later, 
lu controls the longitudinal line voltage to obtain the 
optimum common mode DC operating point for the cur- 
rent mode amplifiers. 

The voltage sense signal (Vacmet) that goes to the signal 
transmission block is the AC metallic component of the 
AX and BX voltages. 

Two vottage sense signals (|Vdcmet| and Vlong) go to the 
power feed controller block. VDCMET is the DC metallic 
component of the AX and BX voltages. Vlong is the 
longitudinal component of the AX and BX voltages. 

An external capacitor (C H p), connected between HPA 
and HPB, separates the AC and DC components of the 
metallic voltage. Since the time constant would be too 
long during polarity reversal or pulse dialing, the two- 
wire interface has a shorting circuit that decreases the 
time constant during these events. 

The loop-current sensing circuit produces a current (l D ) 
that is proportional to the magnitude of the loop current 
and is output to the R D pin. An external resistor and filter 
capacitor connected from Rd to Vee converts this current 
to a filtered voltage for use by the off-hook 
detector. 

Signal Transmission 

Figures 2a and 2b provide more detail of the SLIC 
transmission path. This path is split between the signal 
transmission block and the two-wire interface block. 

The AC line voltage is sensed by differential amplifiers 
between the AX and HPA leads, and between the HPB 
and BX leads. The outputs of these amplifiers are equal 
to the AC metallic components of the line voltages. 



These voltages are summed and buffered by the op 
amp Gtx. For non-metering versions, G™ is set to a gain 
of 1 .0. For metering SLICs, Gtx is set to a gain of either 
0.51 (2.2 VRMS metering versions) orO.282 (5.1 VRMS 
versions) to avoid overload during metering signal 
transmission. Longitudinal voltages are rejected by the 
differential amplifiers and do not affect W 

The balance return signal on V TX exhibits 180° phase 
shift with respect to Vrx. This allows the SLICs two-wire 
AC input impedance to be programmed by means of an 
external impedance that is connected between RSN 
and Vtx (see Figures 2a and 2b). This impedance may 
be a complex R-C network and should be K, times the 
desired two-wire input impedance minus K, times the 
fuse resistors. This means resistors become K, times 
larger and capacitors become K, times smaller. Note 
that any external stray capacitance between Vtx and 
RSN must be included in Z T when precise computations 
for output impedance, gain, trans-hybrid loss, or return 
loss are being made. 

Zt = Ki Gtx (Z2WIN — 2Rf) 

Where: Zmm = desired two-wire impedance 

The four-wire output is found on the V TX terminal, and the 
four-wire input terminal is Vrx (see Figure 2b). Both 
these ports are referenced to analog ground (AGND). 

Because the fuse resistors are outside the feedback 
loops, they influence the effective gains. These gains 
are as follows: 



G<2L== £l [Eo _o]— 

Vrx Zrx Zt + KiGrx (Zl + 2rf) 



Gm= [Vrx = 0] = 



_Zt 

Ki 



2Rf + 



G 14 l = [E s = 0] = -^- 

Vflx iRX 



KiGrx 



(Zl + 2Rf) 



Zl + 2rf + 



KiGrx 
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2b. Simplified Model (AC Only for Conceptual Purposes) 



11701A-04 

Figure 2. SLIC Transmission Model 
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gain) and Gtx (the transmit voltage amplifier gain) are 
modeled by the following S-domain transfer functions: 



K,(S) ■ 



Gtx(S) . 



1 + 1.15 ■ 10-"- [36 + Z* B (S)] ■ S 

|G>»| 1 



1 + 



1+4.5 • 10" 7 S 



424 • 10 a C„ P S 



Where: | K, | = Current amplifier DC gain 

Zab = Load between the AX and BX pins 
| Gtx | = Two- to four-wire transmit path 
midband gain 

These functions are useful for the prediction of system 
return loss and echo cancellation performance. The 
value of Ki is typically 1000 for the Am795XX/ 
Am79M5XX versions. Ki is 200 for the Am7942, 
Am7943, and Am7958. Gtx is 1.0 for non-metering 
SLICs, 0.51 for metering versions, (Am79M53X/M57X) 
and .282 forthe Am79HM53. Chp sets the low frequency 
limit of the voice band response. A C HP value of 0.33 u.F 
should optimize voice-band and DC-loop performance 
in many applications. 

The transmission circuit also contains a longitudinal 
feedback circuit to shunt longitudinal signals to a DC 
bias voltage (VLbias) which comes from the power feed 
controller. Longitudinally, the SLIC typically appears as 
25-ohm resistors from AX and BX to VLbias. The longi- 
tudinal feedback does not affect metallic signals. 

In metering versions of the SLIC, metering signals are 
injected by adding an additional current into summing 
point RSN through an external impedance, Z M . 

Power Feed Controller 

The power feed controller has three sections: (1) the 
battery feed circuit; (2) the polarity reversal circuit; and 
(3) the bias circuit. These are shown in Figures 3a and 
3b. The detailed model is shown in Figure 3a and the 
simplified model in Figure 3b. 

The battery feed circuit regulates the amount of DC 
current and voltage supplied to the telephone over 
a wide range of loop resistance. The polarity reversal 
circuit gives the SLIC the capability to reverse the loop 
current for pay telephone coin return and other applica- 
tions. The bias circuit provides a reference voltage, 
which is offset from the subscriber line voltage. The 
reference voltage controls the switched mode regulator 
(described later), which minimizes SLIC power con- 
sumption by providing the minimum supply voltage 
needed by the line drivers for proper operation. 



AX and BX. When Chp is 0.33 u.F, the low pass filter 
formed by Rhp and Chp attenuates frequencies above 
1 .2 Hz. The loop current is equal to K, times the current 
into the Receive Summing Node (RSN), which is equal 
to the voltage on Rdc divided by Roc. + Rdc*. The values 
of the programming resistors, Rdc. and Roci, should be 
kept somewhat equal in order to minimize the size of 

Cdc. 

In constant current feed versions, the battery feed circuit 
produces a voltage at the Rdc pin whose magnitude is 
equal to 2.5 V, and whose sign depends on the feed 
polarity desired (minus for normal polarity and plus for 
reverse polarity). The net result is that the SLIC appears 
to have a constant current feed with the feed current 
given by the following equation: 



If, 



2.5K, 



RdC2 + Rd 



For example, if Ki is 1000 and a loop current of 40 mA 
is desired: 



RdCI + RdC2 = 



2.5 ■ 1000 
40 



= 62.5K 



In this example, values of Rdc, and R D c 2 of 31 .25K could 
be used. 

For resistance feed versions, the battery feed produces 
a voltage at the Rdc pin whose magnitude is equal to 
(50 - |Vdcmet|)/20, and whose sign depends on the feed 
polarity desired (minus for normal polarity and plus for 
reverse polarity). The net result is that the SLIC appears 
to have an apparent open circuit voltage of 50 V and 
a feed resistance, Rfeeo, equal to 20 (Rdc. + RdcjVK,; 
thus, the feed resistance is programmable, but the 
apparent open circuit voltage is not. Including the fuse 
resistors R F , the total feed resistance is then: 



:2R F + 



20(Rdci + Rpcz) 
Ki 



For example, if K, = 1000, and a feed resistance of 
840 ohms is desired using 20-ohm fuse resistors: 

d d 1000(840-2 - 20) ArM 

Rdci + Rdc2 = 1 — — = 40K 

20 

In this example, values of Rdc. and Roczof 20K could be 
used. 

All versions of the SLIC have an anti-saturation guard 
that prevents the output amplifiers from saturating under 
high line voltage conditions which, in turn, prevents clip- 
ping. When the V AX to V 8 x voltage reaches a threshold of 
approximately 30 V (exact voltage depends on SLIC 
version), the SLIC goes into the Anti-sat 1 region of 
operation. 
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Note: The 1/20 operational amplifier is only present in constant resistance feed versions of the SLIC. 

3a. Detailed Model 
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120" 



Rdci+Rdc2 I 



3b. Simplified Model 

11701A-05 

Figure 3. SLIC Power Feed Controller 
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In this region, the feed synthesis loop gain is greatly 
increased, thereby reducing the output resistance to a 
much lower value. The output voltage then rises at a 
slower rate with increasing loop resistance, thereby 
keeping the amplifier out of saturation. All transmission 
specifications are met in the Anti-sat 1 region. If the line 
voltage increases further to greater than approximately 
15 V (exact voltage depends on SLIC version) below 
Vbat, the SLIC goes into the Anti-sat 2 region where the 
loop gain is again increased and the output resistance 
further decreased. In this region, the voltage rises very 
slowly, with increasing loop resistance, and the DC feed 
of the SLIC looks almost like a constant voltage source. 
The transmission specifications in the Anti-sat 2 region 
will be somewhat degraded. Load lines and equations 
describing all regions of operation are provided in each 
device data sheet. 

To obtain polarity reversal, the input decoder and con- 
trol circuit send a signal that reverses the sign of the 
voltage on the Rdo pin. During reversal, sense resistors 
R H p are drastically reduced in value to reduce the time 
constant formed by Rhp and Chp. This allows the polarity 
reversal time to be controlled only by Cdc and the parallel 
combination of Rdci and Rdc 2 . A typical polarity transition 
time is 1 .5 ms. In the previous example for a resistance 
feed version SLIC, Rdci and Rdc 2 were computed to be 
20K. The value of Cdc should then be 0.15 uF. 

The Vref output of this block is fed to the switching regu- 
lator (see next section) which adjusts Vreg, the voltage 
supplying the line output amplifiers, until it is equal to 
twice Vlbias. Additional BIAS is added to provide enough 
"headroom" for the amplifiers to always operate in the 
linear region. In summary, the equations for these 
voltages are: 

Vreg = Vref = - (|Vdcmet| + BIAS) 
Vlbias = Vref/2 

Switching Regulator 

The switching regulator supplies the operating voltage, 
Vreg, to the two-wire interface (see Figure 4). This 
circuit adjusts Vreg to the minimum voltage necessary 



to power the output amplifiers. In this manner, the 
power consumption is held to a minimum. This is par- 
ticularly important for short loops where there is a 
potential for high loop currents. 

A 256- to 282 -kHz clock is required at input CHCLK to 
operate the switching regulator. The switch control tells 
the switch to disconnect the L pin from Vbat at the begin- 
ning of each CHCLK cycle, and connect it for a time that 
depends upon the difference between Vref and Vreg. 
During this time, the current through the inductor de- 
creases. A comparator senses when Vreg falls below 
Vref and the inductor is again switched to Vbat. The result 
is that the average value of V RE g is always held equal to 
the value of Vr EF . The filter capacitor, Cfu., between Vreg 
and BGND smooths out the ripple caused by the induc- 
tor switching action. 

The regulator is a high-gain feedback circuit, and there- 
fore requires the stabilization network formed by Rom, 
Cchi, and Cch2 between Vreg and CHS. 

The design and layout of the external switching regula- 
tor circuitry are very important. Fast switching currents 
can occur in the catch diode, D,, and in the Vbat filter 
capacitor, Cbat. These must be low inductance compo- 
nents with short leads. Capacitor C™. must have low 
effective series resistance at high frequencies. A stable, 
voltage insensitive capacitor, such as a metallized poly- 
ester type, should be used. 

The connections from the diode to the L pin, from Cbat to 
the Vbat pin, and from the diode to Cbat must all be short, 
low-inductance connections. The L pin is subject to very 
fast voltage transients as the switch turns on and off, so 
all of the connections to this pin must be isolated from 
sensitive signals by means of traces connected to 
BGND. All of the external components in the regulator 
circuit except Ccm must have voltage ratings in excess 
of 70 V. Ccm can have a voltage rating of 1 V or more. 
In addition, the diode must have a reverse recovery time 
of less than 4 ns. All of the SLICs in a system should be 
synchronized to a common clock to prevent inter- 
modulation products and crosstalk in the voice band. 
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Figure 4. SLIC Switching Regulator 
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Input Decoder and Control 

The input decoder and control block provide a means 
for a microprocessor or SLAC IC to control such system 
functions as line activate/disable, ringing, and polarity 
reversal. 

The input decoder and control block has TTL-compat- 
ible inputs, and sets the operating states of the SLIC. 
Ci, C 2 , and C 3 inputs are common to all versions and 
can select seven operating states, d is a dedicated 
input used as a test relay command in versions with 
a tes t relay driver. Eo and E, control the function of the 
DEToutput. Table 1 summarizes the SLIC control logic. 

Off-Hook Detector 

The first and most important loop monitoring function is 
off-hook detection. The block diagram of this detector is 
shown in Figure 5. 



The two-wire interface produces a current equal in mag- 
nitude to the loop current divided by 292, and sends it 
out on the R D pin. An external resistor and capacitor (Ft, 
and &) connects the R D pin to V EE (-5 V). The value of 
the voltage across resistor R„ is the current leaving the 
R D pin times the value of R a . The off-hook detector 
outputs a logic Low to the DET pin when this voltage 
rises above a threshold of 1 .25 V. 

The value of R„ required for a desired off-hook line 
current threshold is then: 



R„ = 



365 

Ithresh 



The value of d for a typical on-hook to off-hook time 
constant of 0.5 ms should satisfy the relation: 

Rd Ca = 0.5 ms 



Table 1. SLIC Decoding 





DET Output 


State 


c, 


c 2 


c, 


Two-Wire Status 


E0 = 1 
E1 = 


E0=1 
E1 = 1 














Open Circuit 


Ring Trip 


Ring Trip 


1 








1 


Ringing 


Ring Trip 


Ring Trip 


2 





1 





Active 


Loop Det. 


Ground Key 


3 





1 


1 


Disable 


Loop Det. 


Ground Key 


4 


1 








Tip Open 


Loop Det. 




5 


1 





1 


Reserved 


Loop Det. 




6 


1 


1 





Active Polarity Reversal 


Loop Det. 


Ground Key 


7 


1 


1 


1 


Disable Polarity Reversal 


Loop Det. 


Ground Key 



Open Circuit: When the SLIC is in the Open Circuit state, 
both the AX(TIPX) and BX(RINGX) power amplifiers are 
switched off and present high impedance to the line. The 
Open Circuit state has the lowest power dissipation. Loop 
detectors are inoperative in this state. This function is useful 
for allowing line-powered relays to collapse, denying power to 
out-of-service lines, as well as allowing clearing of line faults. 

Ringing: When the SLIC is in the Ringing state, the ring relay 
driver (RIN GOU T) is activated, and the Ring Trip Detector is 
readable at DET. Also, the AX(TIPX) and BX(RINGX) are both 
open circuit. While the SLIC is in the ringing state, signal 
transmission is inhibited. 

Active: In states where normal, Active operation is in- 
dicated, the standard battery convention applies; AX(TIPX) is 
near ground and sources current. BX(RINGX) is near Vbat and 
sinks current. During active mode operation, all signal trans- 
mission and loop supervision functions operate, and the off- 
hook detector or ground-key detector is gated to DET. 

Disable: The Disable operating state is the SLIC's low-power 
mode in which the battery feed circuit limits the DC loop cur- 
rent to typically 0.5 (value depends on SLIC version) times the 



active-mode short circuit current limit. In this state, the off- 
hook detector works normally. 

Tip Open: When the SLIC is in the Tip Open state, the 
AX(TIPX) power amplifier is switched off so that it presents a 
high impedance to the line. This mode is provided to facilitate 
ground start signaling. 

Active Polarity Reversal: When the SLIC is in Active Polarity 
Reversal state, the normal battery feed convention is re- 
versed, with BX(RINGX) approaching ground and sourcing 
current, while AX(TIPX) approaches battery and sinks cur- 
rent. While AX(TIPX) and BX(RINGX) are in transition, the 
off-hook function is meaningless because the loop current 
must pass through zero. 

Disable Polarity Reversal: This state is similar to the Disable 
state, except that the feed is reversed. 
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Figure 5. Signaling Off-Hook Detection 



Ringing Circuit 

A generalized ringing circuit is shown in Figure 6. In 
common applications, the circuit can be simplified as 
shown later. During ringing, the ring relay driver is acti- 
vated and the AX(TIPX) and BX(RINGX) leads are 
placed in the open circuit state. The ring feed source is 
connected by the ring relay to the line, through ring feed 
resistors R, and R 2 . 

The bridging resistors RbI, Rb2, R 3 , and R„, and filter 
capacitors Crti and Cms, produce a DC voltage sign re- 
versal between DA and DB when an off-hook occurs. 

If Rlm«* is the maximum line resistance that is to be 
detected as an off-hook, the bridging resistors should be 
chosen such that: 



Rbi 

R, 



Rb2 

~r7 



(Rlmax + Rfeed) 



Rlmax 

Where: Rfeed = Ri + ft> 

The capacitors reduce the effective amplitude of the 
ringing signal by a factor of 1 / 1 1 + j2jtf r t| . 



where: t ■■ 



RaRei Cr- 



R 4 Rb 2 C FT 



Rs + Rbi R4 + Rb2 



For f r = 20 Hz ringing, Crt should be chosen to give a 
value of t = 50 ms. This will reduce the ringing by a factor 
6.4 and allow detection within 2 ringing cycles. 

For balanced ringing, the ringing voltage splits between 
the ground and battery sides. The resistors should be 
balanced, (i.e., Ri» R2, Rbi = Rb2, and R3 = R<i). A single 
capacitor of half the value between DA and DB can re- 
place the capacitors Crti and Crt 2 . 

For unbalanced ringing on the ground side, use 
equal networks with Ri = R 2 , Rbi=Rb2, R3 = R4, and 

Crt1 = CrT2. 

For unbalanced ringing on the battery side, the following 
simplification can be made. The positive side of the ring- 
ing supply is grounded and R1 is replaced by a short cir- 
cuit. In this case, the R4, Rb2, and Crt2 network can be 
combined with other channels into a ringer threshold, 
because the voltage on the DA pin is independent of line 
conditions. 

Ground-Key Detector 

TheGround-Key Detector (forground-key versions, see 
Figure 7) compares the longitudinal control current (l L ) 
to an internally generated threshold current, la. The 
current flowing in the earth loop will be proportional to 
the longitudinal control current. When the current in the 
earth loop exceeds the threshol d valu e and Ei is High, 
the ground-key signal forces the DET output Low. 
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Ring Relay Driver 

A ring relay driver is provided in all versions. The normal 
functioning driver is an internal transistor, with the 
collector sourced to BGNDand the emitter as the driver 
output. Some versions may have the collector brought 
out to a separate pin. 



Test Relay Driver 

A test relay driver is provided only on dual relay driver 
versions, and has specifications identical to the ring 
relay driver. In these versions, the test relay driver is 
activated by logic at input pin C 4 . 



Ringing 
Source 



Tel 
Line 



A 

(TIP)- 



B 



4 



Ring Relay 



l (RING) 



* Kr 



Kr 



Rbi 

-AM* 

Rb2 

-VvV 



R 3 
-*VvV 



R, 
-VvV 



Kr R f 



Rf 



DA 

-o- 



T" Crt 
^Icr, 

— — 1— o- 



DB 
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Driver 



Comparator 
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Figure 6. Ringing Circuit 
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Figure 7. Ground-Key Detector 
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PBX SLIC 

General Description 

AMD's PBX SLICs are the Am7942 and Am7943(A). 
Both are compliant to EIA/TIA-464-A and ETSI- 
TE10-02 PBX standards, and will operate over a wide 
range of battery voltages. 

The Am7942 incorporates a switching regulator func- 
tion, similar to that offered on the Central Office SLICs, 
and is ideal for large PBXs intended for campus environ- 
ments or other applications where loop length is ex- 
pected to vary a great deal. In applications such as this, 
the switching regulator automatically adjusts the voltage 
applied to the SLICs amplifiers to the minimum required 
to achieve the specified loop current, thus minimizing 
the system's power consumption. In cases where power 
consumption is not an issue, such as many 24- V battery 
applications, the switcher can be bypassed, eliminating 
the need for a few external components and lowering 
system cost. The Am7942 is tested under both 24- and 
48-V battery conditions. 

The Am7943(A) also incorporates power management 
circuitry, but in this case, power is dissipated in an exter- 
nal resistor. This approach, while not minimizing system 
power dissipation, lowers system cost by eliminating 
some external component requirements, and maintains 
device reliability, even at higher battery voltages. 

Two versions of the Am7943(A) are offered: the stan- 
dard Am7943 and the Am7943A. The primary difference 
between the two versions is the way the devices are 
tested. The standard version is tested with a 24-V 
battery and a 600-ohm load to ensure compliance to 
most PBX requirements. Polarity reversal and other 
functions not typically required by PBXs are not offered 
on the standard version. The "A" version of the Am7943 
is specified and tested for compliance to Bellcore's 
TR-TSY-000057 standard required by Digital Loop Car- 
riers (DLCs) and other types of switching equipment. 
The Am7943A is tested with a 48-V battery and a 
900-ohm load. 

Both the Am7942 and Am7943 support on-hook trans- 
mission and offer extended temperature performance, 
making either type suitable for Digital Loop Carriers and 
other applications. 



The signal transmission functions of all AMD SLICs 
include both two-to-four-wire and four-to-two-wire 
conversion. The two-wire termination impedance is 
programmable with a single external impedance. The 
companion AMD SLAC or DSLAC IC (Single-Channel 
or Dual-Channel Subscriber Line Audio-Processing 
Circuit) has a digital balancing filter that provides the 
trans-hybrid loss function. If the DSLAC IC is not used, 
most codec/filters provide an uncommitted op amp for 
this purpose. 

The SLICs battery feed architecture makes their DC 
feed characteristics programmable with external resis- 
tors. Furthermore, these characteristics are independ- 
ent of battery variations. 

A polarity reversal function is provided on all SLICs 
which transposes the normal voltage sense of the 
A(TIP) and B(RING) leads with a controlled transition 
time. All transmission functions continue normally fol- 
lowing the transition. A disable mode is also provided, 
limiting loop current and cutting power dissipation while 
allowing the full complement of supervisory functions to 
be utilized. 

The supervisory functions of off-hook detection and ring 
trip detection are read through a single, TTL-compatible 
output. To eliminate noise-induced errors, the off-hook 
detector signal may be filtered. Off-hook detection has a 
threshold that is set by the value of an external resistor. 
Additional supervisory controls put the A lead into an 
open circuit or high-impedance state suitable for appli- 
cation in ground start systems. Similarly, both the A and 
B leads may be open circuited to clear relays, recover 
from line faults, or turn off out-of-service lines. Relay 
drivers support ring and/or test relay functions, or can be 
used for other functions such as activating a message 
waiting lamp. 

The SLICs user-programmable states are controlled by 
a TTL-compatible code. The control inputs are designed 
to easily interface to popular single-chip microcon- 
trollers, such as the industry standard 8051, or to 
latched outputs from a SLAC or DSLAC device. 
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DISTINCTIVE CHARACTERISTICS 

■ Programmable constant current feed 

■ Receive current gain = 200 

■ Programmable loop detect threshold 

■ Low standby power 

■ Performs polarity reversal 

Ground-key detector 

Pin for external ground-key noise 
filter capacitor 

Test relay driver option (PLCC only) 



Tip open state for ground start lines 

-19 V to -63 V battery operation 

Meets EIA/TIA-464-A 

On-chip switching regulator for low-power 
dissipation 

Can be used without switching regulator with 
24-V battery 

Two-wire impedance set by single external 
impedance 
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SYSTEM BLOCK DIAGRAM 
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CONNECTION DIAGRAMS 
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1 . Pin 1 is marked for orientation. 

2. TP is a thermal conduction pin tied to substrate (Qbat). 
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ORDERING INFORMATION 
Standard Products 

AMD® standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 



AM7942 J C 



TEMPERATURE RANGE 

C* = Commercial (0°C to 70°C) 



PACKAGE TYPE 

J = 32-pin Plastic Leaded Chip Carrier (PL 032) 
P = 28-pin Plastic DIP (PD 028) 
D = 28-pin Ceramic DIP (CD 028) 



1 PERFORMANCE GRADE 

Blank = Standard specification 
-1 = Performance Grading 
-2 = Performance Grading 

DEVICE NUMBER/DESCRIPTION 

Am7942 

Subscriber Line Interface Circuit 



Valid Combinations 


AM7942 


DC, JC, PC 


-1DC,-1JC,-1PC 


-2DC, -2JC, -2PC 



Valid Combinations 

Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD standard military grade products. 



"The performance specif ications contained in this datasheet are valid for the commercial temperature range only. SeetheSLIC 
Extended Temperature Supplement for information on industrial temperature range (-40°C to +85°C) specifications. 
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PIN DESCRIPTION 

AGND/DGND 
Ground 

Analog and Digital ground. 

AXfTIPX) 
(Output) 

Output of A(TIP) power amplifier. 

BGND 
Ground 

Battery (power) ground. 

BX(RINGX) 
(Output) 

Output of B(RING) power amplifier. 

C3-C1 Decoder 
(Inputs) 

l"L compatible. C3 is MSB and C1 is LSB. 

;hclk 

Chopper Clock (Input) — (see Note 1) 

Input to switching regulator (TTL compatible). Fre- 
quency = 256 kHz (nominal). 

CHS 

Chopper Stabilization (Input) — (see Note 1) 

nnection for external chopper stabilizing compo- 
ents. 

ing Trip Negative (Input) 

ative input to ring trip comparator. 

Ring Trip Positive (Input) 

Positive input to ring trip comparator. 

sh Hook Detector (Output) 

When enabled, a logic Low indicates the selected detec- 
tor is tripped. The detector is selected by the logic inputs 
(C3-C1 , E1). The output is open-collector with a built- 
in 15K pull-up resistor. 

El 

Ground-Key Enable (Input) 

E1 = High connects the ground-key detector to DET. 
E = Low connects the off-hook or ring trip detector to 
DET. 

HPA 

A(TIP) side of high-pass filter capacitor. 



HPB 

B(RING) side of high-pass filter capacitor. 
L 

Switching Regulator Power Transistor 
(Output)— (see Note 1) 

Connection point for filter inductor and anode of catch 
diode. This pin will have up to 60 V of pulse waveform on 
it and must be isolated from sensitive circuits. Extreme 
care must be taken to keep the diode connections short 
because of the high currents and high di/dt. 

Qbat 

Quiet Battery— (see Note 1) 

Filtered battery supply for the signal processing circuits. 
Ro 

Threshold modification and filter point for the off-hook 
detector. 



Connection point for the DC feed current programming 
network. The other end of the network connects to 
the receiver summing node (RSN). The sign of Vr DC 
is minus for normal polarity and plus for reverse polarity. 

RINGOUT 

Ring Relay Driver (Output) 

Open collector driver with emitter internally connected 
to BGND. 

TESTOUT 

Test Relay Driver (Output)— (see Note 3) 

Open collector driver with emitter internally connected 
to BGND. 

C4 

Test Relay Driver Command (Input)— (see Note 3) 

TTL compatible. A logic Low enables the driver. 
GKFIL 

(see Notes 2 and 3) 

Connection for external ground-key, noise-filter 
capacitor. 

RSN 

Receive Summing Node (Input) 

The metallic current (both AC and DC) between A(TIP) 
and B(RING) is equal to 200 times the current into this 
pin. The networks which program receive gain, two-wire 
impedance, and feed resistanceall connect to this node. 
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Vb»t 

Battery supply. 

Vcc 

+5-V power supply. 

Vee 

-5-V power supply. 
V„ E0 

Regulated Voltage (Input) — (see Note 1) 

Provides negative power supply for power amplifiers. 
Connection point for inductor, filter capacitor, and 
chopper stabilization. 



Vtx 

Transmit Audio (Output) 

This output is a unity gain version of the AX(TIPX) and 
BX(RINGX) metallic voltage. The other end of the two- 
wire input impedance programming network connects 
here. 

C 

Reference Filter Capacitor 

A capacitor should be connected to this pin to filter 
internal anti-saturation reference voltage. 



Notes: 1 . All pins, except CHCLK, connect to Vbat when using SLIC without a switching regulator. CHCLK is connected to 
AGND/DGND. 

2. To prevent noise pickup by the detection circuits when using ground-key mode (E1 = logical 1 ), a 3300-pF minimum 
bypass capacitor is recommended between the GKFIL pin and ground. 

3. Not available on standard 28-pin DIP package. 
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OPERATING RANGES 

Commercial (C) Devices 

Ambient Temperature 0°C to +70°C 

Vcc 4.75 V to 5.25 V 

Vee -4.75 V to -5.25 V 

V BAT -19 V to -63 V* 

AGND/DGND V 

BGND with respect to 

AGND/DGND -100 mV to +100 mV 

Load Resistance on V ra to Ground .... 10 Kohm Min 

"Can be used without switching regulator components in this 
range of battery voltages provided maximum power dissipa- 
tion specifications are not exceeded. 

"-2" performance grade SLICs are functional from -40°C to 
+85°C. See the SLIC Extended Temperature Supplement for 
information on industrial temperature range (-40°C to +85°C) 
specifications. 

Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 



ABSOLUTE MAXIMUM RATINGS 

Storage Temperature -55°C to +150°C 

Vcc with respect to AGND/DGND . . -0.4 V to +7.0 V 

Vee with respect to AGND/DGND . . +0.4 V to -7.0 V 

vLt with respect to AGND/DGND . . . +0.4 V to -70 V 

Note: Rise time of Vbat (dv/dt) must be limited to 27 V/us or 
less when CW bypass = 0.33 u.F. 

BGND with respect to 

AGND/DGND +1.0Vto-3.0V 

AX(TIPX) or BX(RINGX) to BGND: 

Continuous -70 V to +1 .0 V 

10 ms (F = 0.1 Hz) -70 V to +5.0 V 

1 us (F = 0.1 Hz) -90 V to +10 V 

250ns(F = 0.1 Hz) -120 V to +15 V 

Current from AX(TIP) or BX(RING) ±150 mA 

Voltage on RINGOUT BGND to 70 V above CW 

Voltage on TESTOUT .... BGND to 70 V above Qbat 

Current through Relay Drivers 60 mA 

Voltage on Ring Trip Inputs 

(DA and DB) VsArtoOV 

Current into Ring Trip Inputs ±10 mA 

Peak Current into Regulator 

Switch (L pin) 1 50 mA 

Switcher Transient Peak Off 

Voltage on L pin +1.0 V 

C4-C1 , E1 , CHCLK to 

AGND/DGND -0.4 V to Vcc + 0.4 V 

Maximum Power Dissipation, Ta (see note) . . . 70°C 

In 28-pin ceramic DIP package 2.58 W 

In 28-pin plastic DIP package 1 .4 W 

In 32-pin PLCC package 1 .74 W 

Note: Thermal limiting circuitry on chip will shut down the 
circuit at a junction temperature of about 165°C. The 
device should never see this temperature and opera- 
tion above 145°C junction temperature may degrade 
device reliability. See SLIC Packaging Considerations 
section for more information. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may effect device 
reliability. 



SLIC Products 



CI AMD 



PRELIMINARY 



ELECTRICAL CHARACTERISTICS (see Note 1) 



Description 


Tact PnnrJitinno 

I est L/Onaitions 


Notes 




Preliminary 


1 In it 
U 11 11 


Min 


Typ 


Max 


Analog (Vtx) Output Impedance 




B 




3 




ohm 




Analog (V-nc) Output Offset 






-1 
-2 


—35 
-35 
-30 




+35 
+35 
+30 


mV 


Analog (RSN) Input Impedance 


300 Hz to 3.4 kHz 








1 


20 


ohm 


Longitudinal Impedance at AX or BX 












35 


ohm 


Overload Level 


four-wire 


2 




-2.5 




+2.5 


Vpk 


two-wire 


Transmission Performance, two-wire impedance (see Test Circuit D) 


Two-Wire Return Loss 300 Hz to 3400 Hz 


5, 10 26 


dB 


Longitudinal Balance (two-wire and four-wire, see Test Circuit C); R L = 600 ohms 


Longitudinal to Metallic L-T, L-4 


200 Hz to 1 kHz 
Normal Polarity 




-1 
-2 


52 
63 
63 






dB 


200 Hz to 1 kHz 
Reverse Polarity 




-1 
-2 


52 
54 
54 






dB 


1 kHz to 3.4 kHz 
Normal Polarity 




-1 

-2 


52 
58 
58 






dB 


1 kHz to 3.4 kHz 
Reverse Polarity 




-1 
-2 


52 
54 
54 






dB 


Longitudinal Signal Generation 4-L 


300 Hz to 800 Hz 
Reverse Polarity 




-1 
-2 


40 
40 
42 






dB 


Longitudinal Current Capability per Wire 


Active State 




all 




28 




mA 
RMS 


Disable State 




all 




18 




Insertion Loss (two-wire to four-wire and four-wire to two-wire, see Test Circuits A and B) 
Battery = -48 V, Rldc = Rue = 600 ohms; Battery = -24 V, R L oc = 300 ohms, Rlac = 600 ohms 


Gain Accuracy 


dBm, 1 kHz 




-1 
-2 


-0.15 
-0.15 
-0.10 




+0.15 
+0.15 
+0.10 


dB 


Variation with Frequency 


300 Hz to 3400 Hz 
Relative to 1 kHz 




-1 
-2 


-0.15 
-0.15 
-0.10 




+0.15 
+0.15 
+0.10 


dB 


Gain Tracking 


+7 dBm to -55 dBm 
Reference: -0 dBm 


5 




-0.10 




+0.10 


dB 



"P.G. = Performance Grade 
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ELECTRICAL CHARACTERISTICS (continued) 









Preliminary 




Test Conditions 


Notes 


P.G. 


Min | Typ Max 


Unit 



Description 



Balance Return Signal (four-wire to four-wire, see Test Circuit B) 

Battery = -48 V, Rldc = Rue = 600 ohms; Battery = -24 V, Rldc = 300 ohms, R L «c = 600 ohms 



c 


Sain Accuracy 


dBm, 1 kHz 




-1 

-2 


-0.15 
-0.15 
-0.10 




+0.15 
+0.15 
+0.10 


dB 


> 


'ariation with Frequency 


300 Hz to 3400 Hz 
Relative to 1 kHz 


3 




-0.10 




+0.10 


dB 


c 


5ain Tracking 


+3 dBm to -55 dBm 
Reference: dBm 


5 




-0.10 




+0.10 


dB 


c 


Sroup Delay 


f = 1 kHz 


5, 12 






5.3 




us 


1 

E 


"otal Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B) 
lattery = -48 V, Rldc = Rue = 600 ohms 


Harmonic Distortion 
300 Hz to 3400 Hz 


dBm 








-64 


-50 


dB 


+7 dBm 








-55 


-40 


Idle Channel Noise 

Battery = -48 V, Rldc = Rue = 600 ohms; Battery = -24 V, Rldc = 300 ohms, Rue = 600 ohms 


C 


^-Message Weighted Noise 


two-wire 


5 






+7 


+ 10 


dBrnC 


four-wire 






+7 


+10 


F 


sophometric Weighted Noise 


two-wire 








-83 


-80 


dBmp 


four-wire 






-83 


-80 



ingle Frequency Out-of-Band Noise (see Test Circuit E) 



M 


etallic 


4 kHz to 9 kHz 


5 






-76 




dBm 


9 kHz to 1 MHz 


4, 5,8 






-76 




256 kHz and harmonics* 


4,5 






-63 




L 


sngitudinal 


1 kHz to 15 kHz 


5 






-70 




dBm 


Above 1 5 kHz 


4, 5,8 






-85 




256 kHz and harmonics* 


4,5 






-57 




L 


ne Characteristics (see Figures 1a, 1b, 1c) 


S 


hort Loops, Active Mode 


Battery = -24 V, Rldc = 300 ohms 


5,9 




32.4 


35.0 


37.6 


mA 


Battery = -43 V, Rldc = 600 ohms 


5 




Battery = -48 V, Rldc = 600 ohms 






L 


Dng Loops, Active Mode 


Battery = -24 V, Rldc = 640 ohms 


5,9 




20.0 






mA 


Battery = -43 V, Rldc = 1300 ohms 


5 




23.0 






Battery = -48 V, Rldc = 1 900 ohms 






18.0 






D 


isable Mode 


Battery = -24 V, Rldc = 600 ohms 


5,9 




15.5 


17.5 


19.5 


mA 


Battery = -48 V, Rldc = 600 ohms 






L 


oop Current 


Tip Open, R l = 










1.0 


mA 


Disconnect, R L = 






11 


LIM (ITip & IRing) 


Tip and Ring Shorted to Ground 








70 


105 


mA 



'Applies only when switching regulator is used. 
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ELECTRICAL CHARACTERISTICS (continued) 



Description 


Test Conditions 


Notes 


P.G. 


Preliminary 


Unit 


Min | Typ Max 


Power Dissipation Battery, Normal Loop Polarity 


On-Hook Open Circuit 


Battery = -24 V, w/o Switching Reg. 


9 






30 


75 


mW 


Battery = -48 V, with Switching Reg. 








35 


100 


On-Hook Disable Mode 


Battery = -24 V, w/o Switching Reg. 


9 




100 


175 




Battery = -48 V, with Switching Reg. 








135 


225 


On-Hook Active Mode 


Battery = -24 V, w/o Switching Reg. 


9 






135 


225 


Battery = -48 V, with Switching Reg. 








180 


300 


Off-Hook Disable Mode 
Rl= 50 ohms 


Battery = -24 V, w/o Switching Reg. 


9 






500 


800 


Battery = -48 V, with Switching Reg. 








400 


750 


Off-Hook Active Mode 
Rl= 50 ohms 


Battery = -24 V, w/o Switching Reg. 


9 






800 


1100 


Battery = -48 V, with Switching Reg. 








800 


1000 


Supply Currents, Battery = -24 V or -48 V 


Vcc On-Hook Supply Current 


Open Circuit Mode 


9 






3.0 


4.5 


mA 


Disable Mode 






6.0 


10.0 


Active Mode 






7.5 


12.0 


Vee On-Hook Supply Current 


Open Circuit Mode 


9 






1.0 


2.3 


Disable Mode 






2.2 


3.5 


Active Mode 






2.7 


6.0 


Vbat On-Hook Supply Current 


Open Circuit Mode 


9 






0.4 


1.0 


Disable Mode 






3.0 


5.0 


Active Mode 






4.0 


6.0 


Power Supply Rejection Ratio (Vripple = 50 mV RMS) 


Vcc 


50 Hz to 3400 Hz 


6 




25 


45 




dB 


3.4 kHz to 50 kHz 




22 


35 




Vee 


50 Hz to 3400 Hz 
3.4 kHz to 50 kHz 


6 




20 
10 


40 
25 




V« T 


50 Hz to 3400 Hz 


6 




27 


45 




3.4 kHz to 50 kHz 




20 


40 




Effective Int. Resistance 


Cas to GND 


5 




85 


170 


255 


Kohm 


Off-Hook Detector 


Current Threshold Ioet = 365/R D 


-20 


+20 


% 



Ground-Key Detector Thresholds, Active Mode 



Ground-Key 


Battery = -24 V, B(Ring) to GND 


9 




1.0 


2.2 


4.5 


Kohm 


Resistance Threshold 


Battery = -48 V, B(Ring) to GND 






2.0 


5.0 


10.0 


Ground-Key 


B(Ring) to GND 








9 




mA 


Current Threshold 


Midpoint to GND 


7 






9 




Effective Int. Resistance 


GKFILto AGND/DGND 


5 




18 


36 


54 


Kohm 


Ring Trip Detector Input 


Bias Current 








-5 


-0.05 




uA 


Offset Voltage 


Source Resistance = to 2 Mohm 


11 




-50 





+50 


mV 
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Preliminary 




Description 


Test Conditions 


Notes 


P.G. 


Min | Typ Max 


Unit 



Logic Inputs (C1. C2, C3, C4, EO. E1, and CHCLK) 



Input High Voltage 








2.0 






V 


I 


iput Low Voltage 












0.8 


V 


I 


nput High Current 








-75 




40 


uA 


I 


riput Low Current 








-0.4 






mA 


L 


ogic Output (DET) 


C 


)utput Low Voltage 


lour = 0.8 mA 










0.4 


V 


( 


)utput High Voltage 


Iout = -0.1 mA 






2.4 






V 



SWITCHING CHARACTERISTICS 



Parameter 



Test Conditions 



Min 



Typ 



Max 



Unit 



tgkde 



E1 High to DET High 
E1 High to DET Low 



Ground-Key Detect Mode 
Rl Open, R Connected 
(see Test Circuit H) 



3.8 
1.1 



us 



tshde 



E1 Low to DET Low 
E1 Low to DET High 



Switch Hook Detect Mode 
R L = 600 ohms, Re Open 
(see Test Circuit G) 



1.2 
3.8 



us 
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SWITCHING WAVEFORMS 

E1 toDEf 



E1 



DET 



tgkde 

Note: All delays measured at 1 ,4-V levels. 



-yy- 



tshde 



tgkde 



tshde 



15474A-00S 



RELAY DRIVER SPECIFICATIONS 



y-O RINGOUT /-Q TESTOUT 



BGND 



BGND 



15474A-006 









Preliminary 




Description 


Test Conditions 


Note 


Min 


Ty P 


Max 


Unit 


Relay Driver Outputs (RINGOUT, TESTOUT) 


On Voltage 


25 mA Sink 








+1.5 


V 


Off Leakage 


V OH = +1 5 V 








100 


uA 



RELAY DRIVER CHARACTERISTICS (typical) 

2 



ON Voltage 
at RINGOUT or TESTOUT 

(V) 











Ta = 


70°C 










■ Ta = 


25°C 



























30 



60 



Current into RINGOUT or TESTOUT (mA) 
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Nc 

1. 

2. 

3. 

4. 

5. 
6. 

7. 
8. 
9. 

10 

11 
12 


ites: 

Unless otherwise noted, test conditions are: Battery = -48 V, Vcc = +5 V, Vee = -5 V, R L = 600 ohms, C H p = 0.33 u.F, Root = Rdc2 = 
7.1 4K, Cdc = 0.47 |iF, Rd = 35.4K, Ccas= 0.47 |iF, no fuse resistors, R T = 1 20K, and R RX = 60K. Switching regulator components: 
L = 1 mH, Cfil = 0.47 uF (see Application Circuit). 

Overload level is defined when THD = 1%. 

Balance return signal is the signal generated at V™ by Vrx. This spec assumes the two-wire AC load impedance matches the 
programmed impedance. 

For frequencies below 1 2 kHz, these tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 
300 ohms. For frequencies greater than 12 kHz, a longitudinal impedance of 90 ohms and a 
metallic impedance of 1 35 ohms is used. These tests are extremely sensitive to circuit board layout. Please refer to application 
notes for details. 

Not tested in production. This parameter is guaranteed by characterization or correlation to other tests. 

This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by 

characterization. 

"Midpoint" is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and B(RING). 
Fundamental and harmonics from 256-kHz switch regulator chopper are not included. 

For -24-V battery, switching regulator is disabled. L, CHS, and Vreg pins connected to Vbat pin; CHCLK pin 
connected to AGND/DGND. 

Assumes the following Z T network: v™ — *V\A/ -j- 'WV RSN 

60K -j- 60K 

150 pF 

. Tested with ohm source impedance. Two Mohms are specified for system design purposes only. 

. Group delay can be considerably reduced by using a Z T network such as that shown in Note 10 above. The network will reduce 

the group delay to less than 2 us. The effect of group delay on linecard performance may be compensated for by using the 

SLAC or DSLAC device. 




Table 2 User-Pronrammable ComDonents 




Zt = 200(Z 2 w, n -2Rf*) 


Zt is connected between the V-rx and RSN pins.The fuse re- 
sistors are R F , and Zmhn is the desired two-wire AC input im- 
pedance. When computing Zt, the internal current amplifier 
pole and any external stray capacitance between Vtx and 
RSN must be taken into account. 




Zl 200Zt 
Zrx= G42 l * Zt + 200(Z l +2R f ) 


Zrx is connected from Vnx to the RSN. Z T is defined above, 
and G42 L is the desired receive gain. 




Rdci + Rdc2 — 500/Iloop 

Cdc = (1 .5 ms)(Roci + Rdc 2 )/(RdciRdc2) 


Rdci, Rdc 2 , and Cdc form the networkconnected to the Rdc pin. 
Rdci and R D c2 are approximately equal. Loop is the desired 
loop current in the constant current region. 




Rd = 365/It, Cd = 0.5 ms/Ro 


Rd and Cd form the network connected from Rd to -5 V, and It 
is the threshold current between on-hook and off-hook. 




1 

3.4- 10 5 Jtfo 


Ccas is the regulator filter capacitor, and fc is the desired filter 
cut-off frequency. 


* 


Rfuse = 20 ohm-50 ohm, user selectable. 
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Roci + Rdc2 = Rdc = 14.28K 



(Volts) 




30 



(Volts) 



15 



^-1 


ITTERY 


-56 V 
■-48 V 
















= -43 V 













































































































20 

L (mA) 



40 



Figure 1a. Load Line (Typical) 



l L (mA) 20 




40 



l L (mA) 20 



2400 



15 



1200 
R t (£J) 



BATTERY 

= -56 V 
-48 V 



43 V 



2400 



Figure 1b. Feed Characteristics (Typical) 




RdC2 — ^ CdC 



Feed Current programmed by Rdci and Rdk?. 



Figure 1c. Feed Programming 



15474A-009 
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TEST CIRCUITS 



Rl 
2 




Rl 

2 



AAA/-| 





A V 

AX .. 
(TIPX) Vlx 


















SLIC 








: Rl 


AGND 




: rt 






(RINGX) rsn 




Rrx 







IU-. = -20 log (Vtx/Vab) 



A. Two-to-Four Wire Insertion Loss 



IU-2 = -20 log (V* B / Vrx) 
BRS = 20 log (V™/Vrx) 

B. Four-to-Two Wire insertion Loss and Balance Return Signal 




S2 Open, S1 Closed: 
L-T Long. Bal. = 20 log (Vab/E) 
L-4 Long. Rej. = 20 log (V™/ E) 



S2 Closed, S1 Open: 
4-L Long. Sig. Gen. = 20 log (V l /Vrx) 



C. Longitudinal Balance 



Z D : The desired impedance (e.g., the character- 
istic impedance of the line). 

Return Loss = -20 log (2 V M / Vs) 



D. Two-Wire Return Loss Test Circuit 



1S474A-010 
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TEST CIRCUITS (continued) 



i-Wv- 

68 ohms 



56 ohms 



C 

-)h 



IDC 



68 ohms 



1/coC « 90 ohms 



AX(TIPX) 



SLIC 



BX(RINGX) 



E. Single-Frequency Noise 



Rl 

-V\rV— AfTIP) 



-AA/V— B(RING) 
Re 



Current Feed or Ground Key 
F. Ground-Key Detection Center Point Test 



R L = 600 



6.2K 



A(TIP) 






DET 




E1 


B(RING) 





T 



15pF 



R a : 2KatV«T = -*8V 
1KatVB* T = -24V 



G. Loop Detector Switching H. Ground-Key Switching 

15474A-O10 
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Am7943(A) 

Subscriber Line Interface Circuit 



Advanced 
Micro 
Devices 



DISTINCTIVE CHARACTERISTICS 

Programmable constant current feed 
Current gain =200 

Programmable loop detect threshold 
Low standby power 
Performs polarity reversal (A version) 
Ground-key detector 
C to +70 C ambient temperature range 
Tip open state for ground start lines 



-19 V to -56.5 V battery operation 
Two-wire impedance set by single external 
impedance 

On-hook transmission 

On-chip ring relay driver and relay snubber 

circuit 

A version satisfies TR-TSY-000057 
requirements 

Standard version satisfies EIA/TIA-464-A 



BLOCK DIAGRAM 



AXfTIPX) 



HPA 



HPB 



BX(RINGX) 



TMG 



Two-Wire Interface 



DA 6- 
DB 6- 

Vsat O- 



Ground-Key 
Detector 



Signal 
Transmission 



Off-Hook 
Detector 



Power Feed 
Controller 



Ring Trip 
Detector 



BGND 



1-3, 



Ring Relay Driver 



Input Decoder 
and Control 



.1-1. 



Vcc Vee AGND/DGND 



This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you 
- aiuate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 



-<> RINGOUT 



-6 



-•O 



C1 
C2 
C3 
E0 
E1 

det 

RSN 



-<> Rd 



-O 

I 

-o 



Rdc 
Cas 



1S474A-001 



(: 16853 Rev: A Amendment: 10 
Dan: Jun»1M2 
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CONNECTION DIAGRAMS 



22-Pin Plastic DIP 
or 

22-Pin Ceramic DIP 



HPB □ 


1 • w 


22 


□ HPA 


RD d 


2 


21 


n \/tv 

| V 1 A 


DA C 


3 


20 


P Vee 


DB □ 


4 


19 


□ RSN 


AXfTIPX) □ 


5 


18 


□ AGND/DGND 


BX(RINGX) C. 


6 




□ RDC 


BGND C 




16 


□ Cas 


Voo C 


8 


15 


□ C1 


RINGOUT C 


9 


14 


□ DET 


TMG C 


10 


13 


□ C2 


Vbat C 


11 


12 


□ C3 



32-Pin PLCC 



16853A-01 



X 

eg X 

ill 

o 8 o o x X CD 

Z > Z CO CO < Q 

n n n n n n n 



RINGOUT C 
NcC 

tmgC 



C3C 10 



11 



E1C 
C2d 12 
DETC 13 



(O CO i- 



29 



□ TP 
28 P DA 

27 
26 



23 



22 
21 



r- r- r- CJ 



RD 

HPB 
25 □ NC 
24 □ HPA 

□ v TX 

□ V EE 

□ RSN 



tJ 

O 



u u u u u u 

g a j g g i 

§ 

z 



Notes: 1 . Pin 1 is marked for orientation. 

2. TP is a thermal conduction pin tied to substrate. 

3. NC = No connect. 
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AMD 



ORDERING INFORMATION 
Standard Products 

AMD® standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 



AM7943(A) 



I 



TEMPERATURE RANGE 

C* = Commercial (0°C to 70°C) 



PACKAGE TYPE 

J = 32-pin Plastic Leaded Chip Carrier (PL 032) 
P = 22-pin Plastic DIP (PD 022) 
D = 22-pin Ceramic DIP (CD 022) 



1 PERFORMANCE GRADE 

Blank = Standard specification 
-1 = Performance Grading 
-2 = Performance Grading 

DEVICE NUMBER/DESCRIPTION 

Am7943(A) 

Subscriber Line Interface Circuit 



Valid Combinations 


AM7943(A) 


DC, JC, PC 


-1DC, -1JC-1PC 


-2DC, -2JC, -2PC 



Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD standard military grade products. 



"The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC 
Extended Temperature Supplement for information on industrial temperature range (-40°C to +85°C) specifications. 
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PIN DESCRIPTION 

AGND/DGND 
Ground 

Analog and Digital ground. 

AX(TIPX) 
(Output) 

Output of A(TIP) power amplifier. 

BGND 
Ground 

Battery (power) ground. 

BX(RINGX) 
(Output) 

Output of B(RING) power amplifier. 

C3-C1 Decoder 
(Inputs) 

TTL compatible. C3 is MSB and C1 is LSB. 
DA 

Ring Trip Negative (Input) 

Negative input to ring trip comparator. 
DB 

Ring Trip Positive (Input) 

Positive input to ring trip comparator. 
DET 

Switch Hook Detector (Output) 

When enabled, a logic Low indicates the selected detec- 
tor is tripped. The detector is selected by the logic inputs 
(C3-C1, EO, E1). The output is open-collector with a 
built-in 15K pull-up resistor. 

EO 

Ground-Key Enable (Input) 

A logic High enables DET. Low disables DET (PLCC 
only). 

E1 

Ground-Key Enable (Input) 

E1 = Lo w connects the ground-key or ring-trip detector 
to DET; E1 = H igh connects the off-hook or ring-trip 
detector to DET (PLCC only). 

HPA 

A(TIP) side of high-pass filter capacitor. 
HPB 

B(RING) side of high-pass filter capacitor. 



RD 

Threshold modification and filter point for the off-hook 
detector. 

RDC 

Connection point for the DC feed current programming 
network. The other end of the network connects to 
the Receiver Summing Node (RSN). The sign of V RD c 
is minus for normal polarity and plus for reverse polarity. 

RINGOUT 

Ring Relay Driver (Output) 

Open collector driver with emitter internally connected 
to BGND. 

RSN 

Receive Summing Node (Input) 

The metallic current (both AC and DC) between A(TIP) 
and B(RING) is equal to 200 times the current into this 
pin. The networks which program receive gain, two-wire 
impedance, and feed resistance all connect to this node. 

Vb.t 

Battery supply. 

Vcc 

+5-V power supply. 
V EE 

-5-V power supply. 

V,x 

Transmit Audio (Output) 

This output is a unity gain version of the AX(TIPX) and 
BX(RINGX) metallic voltage. The other end of the two- 
wire input impedance programming network connects 
here. 

C« 

Reference Filter Capacitor 

A capacitor should be connected to this pin to filter 
internal anti-saturation reference voltage. 

TMG 

Thermal Management 

A resistor connected from this pin to Vbat reduces the 
on-chip power dissipation in the normal polarity, active 
state. 
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OPERATING RANGES 

Commercial (C) Devices 

Ambient Temperature (Ta) 0°C to +70°C 

Supply Voltage (Vcc) 4.75 V to 5.25 V 

Vee -4.75 V to -5.25 V 

V BAT -19 V to -56.5 V 

AGND/DGND V 

BGND with respect to 

AGND/DGND -100 mV to +100 mV 

Load Resistance on V™ to Ground .... 10 Kohm Min 

"-2" performance grade SLICs are functional from 
-40°Cto+85°C. See the SLIC Extended Temperature Sup- 
plement for information on industrial temperature range 
(— 40°C to +85°C) specifications. 

Operating ranges define those limits between which the de- 
vice specifications are guaranteed. 



ABSOLUTE MAXIMUM RATINGS 

Storage Temperature -55°C to +150°C 

Vcc with respect to AGND/DGND . . -0.4 V to +7.0 V 
Vee with respect to AGND/DGND . . +0.4 V to -7.0 V 



Vbat with respect to AGND/DGND . . . +0.4 V to -70 V 

Note: Rise time of Vbat (dv/dt) must be limited to 27 V/|is or 
less when Qbat bypass = 0.33 u.F. 

AGND/DGND with respect to 

BGND +1 .0 V to -3.0 V 

AX(TIPX) or BX(RINGX) to BGND: 

Continuous -70 V to +1 .0 V 

10 ms (F = 0.1 Hz) -70 V to +5.0 V 

1us(F = 0.1Hz) -90 V to +10 V 

250 ns (F = 0.1 Hz) -120 V to +15 V 

Current from AX(TIP) or BX(RING) ±150 mA 

Voltage on RINGOUT BGND to +1 V 

Current through Relay Driver 

or internal driver catch diodes 60 mA 

Voltage on Ring Trip Inputs 

(DA and DB) Vbat to V 

Current into Ring Trip Inputs ±10 mA 

C3-C1, E0, E1 to 

AGND/DGND -0.4 V to Vcc + 0.4 V 

Maximum Power Dissipation (see note) ... Ta = 70°C 

In 22-pin ceramic DIP package 1 .5 W 

In 22-pin plastic DIP package 1 .25 W 

In 32-pin PLCC package 1 .74 W 

Note: Thermal limiting circuitry on chip will shut down the 
circuit at a junction temperature of about 165°C. The 
device should never reach this temperature, and 
operation above 1 45°C junction temperature may de- 
grade device reliability. See SLIC Packaging Consid- 
erations section for more information. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may effect device reli- 
ability. 
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ELECTRICAL CHARACTERISTICS (see Note 1, page 1-45) 

The Am7943 (non-A) device is tested under the following conditions unless otherwise noted. Battery =-24 V, 
RL=600 ohms. The Am7943(A) device is tested under the following conditions unless otherwise noted. 
Battery =—48 V, RL = 900 ohms. All specifications apply to both the Am7943 and Am7943(A) unless noted. 



Description 


Test Conditions 


Notes 


P.G.* 


Advance Information 


Unit 


Min 


Typ 


Max 


Analog (Vtx) Output Impedance 










3 




ohm 


Analog (V™) Output Offset 








-30 




+30 


mV 


Analog (RSN) Input Impedance 


300 Hz to 3.4 kHz 








1 


20 


ohm 


Longitudinal Impedance at AX or BX 












35 


ohm 


Overload Level 


four-wire active state 


2 




-2.5 




+2.5 


Vpk 


two-wire active state 


On-hook, RiA C = 900ohm 
Active or Disable State 


2 




0.95 






Vrms 


Transmission Performance 


Two-Wire Return Loss (see Test Circuit D) 200 Hz to 3400 Hz 4, 8 26 | dB 


Longitudinal Balance (two-wire and four-wire, see Test Circuit C); 
RL = 600 ohms at V b »t = 24V,RL = 740 ohms at Vbat=48V 


Longitudinal to Metallic L-T, L-4 


200 Hz to 1 kHz 
Normal Polarity 




-1 
-2 


54 
63 
63 






dB 


1 kHz to 3.4 kHz 
Normal Polarity 




-1 
-2 


54 
58 
58 






dB 


Longitudinal Signal Generation 4-L 


300 Hz to 800 Hz 
Normal Polarity 






42 






dB 


Longitudinal Current 


Active State 






27 


35 




mA 
RMS 


Disable State 






27 


35 




Insertion Loss (two-wire to four-wire and four-wire to two-wire, see Test Circuits A and B) 


Gain Accuracy 


dBm, 1 kHz 






-0.15 




+0.15 


dB 


Gain Accuracy, Disable Mode 


-10 dBm, On-hook, 
Rlac = 900 ohms 






-1.0 




+1.0 


dB 


Variation with Frequency 


300 Hz to 3400 Hz 
Relative to 1 kHz 






-0.10 




+0.10 


dB 


Gain Tracking 


+7 dBm to -55 dBm 
Reference: dBm 


4 




-0.10 




+0.10 


dB 



*P.G. = Performance Grade 



Am7943(A) Data Sheet 



A D V A N C El N FORMAT ION AMD El 



E 


LECTRICAL CHARACTERISTICS (continued) 


Description 


Test Conditions 


Notes 


P.G. 


Advance Information 


Unit 


Min Typ 


Max 


E 


alance Return Signal (four-wire to four-wire, see Test Circuit B) 


C 


iain Accuracy 


dBm, 1 kHz 






-0.15 




+0.15 


dB 


Variation with Frequency 


300 Hz to 3400 Hz 
Relative to 1 kHz 


3 




-0.10 




+0.10 


dB 


Gain Tracking 


+3 dBm to -55 dBm 
Reference: dBm 


4 




-0.10 




+0.10 


dB 


Group Delay 


f = 1 kHz 


4, 9 






5.3 




us 



Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B) 



i 

3 


iarmonic Distortion 
00 Hz to 3400 Hz 


two-wire level = dBm 








-64 


-50 




two-wire level = +7 dBm 








-55 


-40 


- dB 


I 


die Channel Noise 


( 


:-Message Weighted Noise 


two-wire 


4 




+7 




+10 




four-wire 




+7 




+10 


- dBrnc 


1 


"sophometric Weighted Noise 


two-wire 






-83 




-80 




four-wire 




-83 




-80 


- dBmp 




ine Characteristics, Active Mode (see Figures 1a and 1b) 


: 


lort Loops, Active Mode 


Battery = -43 V, Rldc = 600 ohms 


4 




25 


27 


29 


mA 


Battery = -48 V, Rldc = 600 ohms 


Battery = -24 V, Rldc = 300 ohms 


Long Loops, Active Mode 


Battery = -43 V, Rldc = 1 .3 K 






23 






mA 


Battery = -48 V, Rldc = 1 .9 K 






18 






Disable Mode 


Battery = -48 V, Rldc = 600 ohms 






17 


19 


21 


mA 


Battery = -24 V, Rloc = 300 ohms 


Standby Mode 


IVbat I-3V „„„ 

IL= , T A = 25°C 

RL+1800 






.7IL 


IL 


1.3IL 


mA 


Loop Current 


Tip open, RL = 










1 


mA 


Disconnect, RL = 










1 


ILLIM (ltip + Iring) 


Tip and Ring Shorted to Ground 








100 


130 


mA 





Den Circuit Voltage 


Battery = -48 V, Active and Disable 






41.3 


42.3 




V 
V 


Battery = -24 V, Active and Disable 






16 


17.3 





'Applies only when switching regulator is used. 
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ELECTRICAL CHARACTERISTICS (continued) 











Advance Information 




Description 


Test Conditions 


Notes 


P.G. 


Min | Typ | Max 


Unit 



Power Dissipation, Normal Loop Polarity, Battery = -48 V 



On-Hook, Open Circuit 










25 


70 


mW 


On-Hook, Disable Mode 










120 


210 


On-Hook, Active Mode 










160 


280 


On-Hook, Standby Mode 










35 


85 


Off-Hook, Disable Mode 


RL = 300 n, RTMG = ~ 
Battery = -48 V 
Battery = -24 V 








900 


1050 








470 


560 


RL=300 £J, RTMG = 1700 








250 


600 


Off-Hook, Active Mode 


RL = 300 n, RTMG = °° 
Battery = -48 V 
Battery = -24 V 








1.25 


1.45 


W 








.6 


.75 


RL = 300 n, RTMG = 1700 








.65 


.85 


Off-Hook, Standby Mode 


RL = 300 n, Ta = 25°C 








.88 


1.20 




Supply Currents 


Vcc On-Hook Supply Current 


Open Circuit Mode 








1.5 


2 


mA 


Disable Mode 






4 


7.5 


Standby Mode 






2 


2.5 


Active Mode 






5 


8.5 


Vee On-Hook Supply Current 


Open Circuit Mode 








0.7 


2 


Disable Mode 






2 


3.5 


Standby Mode 






0.7 


2 


Active Mode 






2.5 


5 


Vbat On-Hook Supply Current 


Open Circuit Mode 








0.3 


1 


Disable Mode 






2.5 


4.7 


Standby Mode 






0.8 


1.5 


Active Mode 






3.5 


5.7 



Power Supply Rejection Ratio (Vripple = 50 mV RMS), Active Normal Mode 



Voo 


50 Hz to 3400 Hz 


5 




35 


45 






Vee 


50 Hz to 3400 Hz 


5 




30 


45 




dB 


V b ., 


50 Hz to 3400 Hz 


5 




35 


45 






Effective Int. Resistance 


C« s Pin to Ground 


4 




85 


170 


255 


Kohm 


RFI Rejection 


1 00 Hz to 30 MHz (See Figure E) 


4 








1 


mVRM 



Off-Hook Detector 



Current Threshold 



Idet = 365/RD 



-10 



+10 



Ground-Key Detector Thresholds, Active Mode 



Resistance Threshold 


B(Ring) to GND 






2.0 


5.0 


10.0 


Kohm 


Ground-Key 


B(Ring) to GND 








9 




mA 


Current Threshold 


Midpoint to GND 


6 






9 





Ring Trip Detector Input 



Bias Current 








-0.5 


-0.05 




UA 


Offset Voltage 


Source Resistance = 2 Mohm 


7 




-50 





+50 


mV 
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ELECTRICAL CHARACTERISTICS (continued) 









Advance Information 




Test Conditions 


Notes 


P.G. 


Min 


Typ 


Max 


Unit 



Description 



Logic Inputs (C1, C2, C3, EO, and E1 



Input High Voltage 








2.0 






V 


Input Low Voltage 












0.8 


V 


Input High Current 


All inputs except C3 






-75 




40 


uA 


Input High Current 


Input C3 






-75 




150 


uA 


Input Low Current 








-0.4 






mA 


Logic Output (DET) 


Output Low Voltage 


lour = 0.8 mA 










0.4 


V 


C 


utput High Voltage 


Iout = -0.1 mA 






2.4 






V 



Table 1. SLIC Decoding 







DET Output 


! 


State 


C3 


C2 


C1 


Two-Wire Status 


E1 = 1 


E1 =0 
















Open Circuit 


Ring Trip 


Ring Trip 




1 








1 


Ringing 


Ring Trip 


Ring Trip 




2 





1 





Active 


Loop Det. 


Ground Key 




3 





1 


1 


Disable 


Loop Det. 


Ground Key 




4 


1 








Tip Open 


Loop Det. 


Ground Key 




5 


1 





1 


Standby 


Loop Det. 


Ground Key 




6 


1 


1 





Active Polarity Reversal 


Loop Det. 


Ground Key 




7 


1 


1 


1 


Disable Polarity Reversal 


Loop Det. 


Ground Key 



Note: E0 and E1 are internally pulled High and, in the 22-pin DIP package option, are not pinned-out. 



s\ 

(3 


WITCHING CHARACTERISTICS 
2-Pin PLCC Only) 




Parameter 


Test Conditions 


Min 


Typ 


Max 


Unit 


tg 


E1 Low to DET High (E0 = 1) 

<de 

E1 Low to DETLow(E0 = 1) 


Ground-Key Detect Mode 
RL Open, RG Connected 
(see Test Circuit H) 






3.8 
1.1 


us 


ts 


E1 High to DET Low (E0 = 1) 

ide 

E1 High to DET High (E0 = 1) 


Switch Hook Detect Mode 
R L = 600 ohms, RG Open 
(see Test Circuit G) 






1.2 
3.8 


us 


ts 


idd E0 High to DET Low (E1 = 1 ) 






1.1 




ts 


idO E0 Low to DET High (E1 =1) 






3.8 




tg 


Kdd E0 High to DET Low (E1 = 0) 






1.1 




tg 


kdO E0 Low to DET High (E1 = 0) 






3.8 
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tgkde 



SWITCHING WAVEFORMS 

E1 to DET 
E1 



DET 

EO to DET 
E1 

EO to DET 
EO 

DET 




tshde 



tgkde 



tshde 



16853A-O02 



tshdd tshdO 
Note: All delays measured at 1 .4-V levels. 

RELAY DRIVER SPECIFICATIONS 



tgkdd 



I 



■Q RINGOUT 



^ ! 



BGND 



16853A-004 









Advance Information 




Description 


Test Conditions 


Note 


Min 


Ty P 


Max 


Unit 


Relay Driver Output (RINGOUT) 


On Voltage 


30 mA Sink 






+0.3 


+0.6 


V 


Off Leakage 


Voh = +5 V 








100 


uA 


Zener Breakover 


100 uA 




6 


7.2 




V 


Zener On Voltage 


30 mA 






10 




V 
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Notes: 



1. 

2. 
3. 

4. 

5. 

6. 

7. 
8. 

9. 


Unless otherwise noted, test conditions are: Vcc = +5 V, V EE = -5 V, C H p = 0.33 u.F, Rdci = Rdc2 = 9.26 Kohms, Cdc = 0.33 
|xF, RD = 35.4K, C A s= 0.33 u.F, and no fuse resistors. For the Am7943 (non-A): Battery =-24 V, RL = 600 ohms, and 
R MG = oo. For the Am7943A: Battery = -48 V, RL = 900 ohms, and R MG = 1700 ohms. 

Overload level is defined when THD = 1%. 

Balance return signal is the signal generated at Vtx by Vnx. This specification assumes the two-wire AC load impedance 
matches the programmed impedance. 

Not tested in production. This parameter is guaranteed by characterization or correlation to other tests. 

This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by 
characterization. 

Midpoint is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and 
B(RING). 

Tested with ohm source impedance. Two Mohm is specified for system design only. 

Assumes the following Z T network: Vtx W\/ i WV RSN 

90K -,- 90K 

150 pF 

Group delay can be considerably reduced by using a ZT network such as that shown in Note 8 above. The network will 
reduce the group delay to less than 2 us. The effect of group delay on linecard performance may be compensated for by 
using the SLAC or DSLAC device. 




Table 2. User-Programmable Components 


j 


: t = 200(Z2win-2Rf) 


Zt is connected between the Vtx and RSN pins. The fuse re- 
sistors are R F , and Z^win is the desired two-wire AC input im- 
pedance. When computing Z T , the internal current amplifier 
pole and any external stray capacitance between Vtx and 
RSN must be taken into account. 




Z l 200Zt 
' M = G42L * Zt + 200(Zl + 2R f ) 


Zhx is connected from Vrx to the RSN. Z T is defined above, 
and G42L is the desired receive gain. 


RdCI + RdC2 = 500/lu>OP 

Cdc = (1 .5 ms)(R D ci + Rdg 2 )/(Rdci Rdc 2 ) 


Rdci, Rdc 2 , and Cdc form the network connected to the Rdc pin. 
Rdci and R D c2 are approximately equal. Loop is the desired 
loop current in the constant current region. 


I 


TO = 365/It, CD = 0.5 ms/RD 


Rd and Co form the network connected from Rd to -5 V, and l T 
is the threshold current between on-hook and off-hook. 


( 


1 

./CAS- — " 

3.4- 10 5 Jtfc 


Ccas is the regulator filter capacitor, and fc is the desired 
fitter cut-off frequency. 




. . Vbat-6V 

IMG £ 

I LOOP 


Rmg is connected from Tmq to Vbat and is used to limit 
power dissipation within the SLIC. 







SLIC Products 



1-45 



CI AMD 



ADVANCE INFORMAT ION 



RDC1 +RDC2 = 18.52K 



50 



Vab 
(Volts) 



25 



I 

. V D . T =-48V 
























/ 














/ 
















— / 

Anti-sat 

V 


Disable 












. v BAT =- 


24 V \ 
















\ 






Active 























































15 19 
I L (mA) 



27 30 



In anti-sat region: V l =V B at-5.7 • 

70 



Figure 1a. Load Line (Typical) 




RDC2 ±;CDC 



Feed Current programmed by Rdci and Rdc?. 



Figure 1b. Feed Programming 
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TEST CIRCUITS 



— : 



RL 

2 



1/coC « RL 
SI _ 





AX 

(TIPX) Vtx 


















SLIC 




: rt 






AGND 










BX pcm 
(RINGX) Mt>N 




Rrx 




vvv ^ 



RL 



AX 

(TIPX) 



SLIC 

AGND 



BX 

(RINGX) 



RSN 



RT 



Rrx 



IU-, = -20 Log (Vtx/Vab) 



A. Two-to-Four Wire Insertion Loss 



IU- 2 =-20Log(V. B /VRx) 
BRS = 20 Log(VTx/V ra ) 



B. Four-to-Two Wire Insertion Loss 
and Balance Return Signal 



r-AAAr-j 

RL 




Vtx 

(TIPX) 


2 




SLIC 


V L 

Vab 




AGND 


RL 






2 




BX RSN 



S2 Open, S1 Closed: 
L-T Long. Bal. = 20 Log (Vab/ E) 
L-T Long. Rej. = 20 Log (Vtx/ E) 

S2 Closed, S1 Open: 
4-L Long. Sig. Gen. = 20 Log (V l /Vrx) 



C. Longitudinal Balance (IEEE 455-1984) 




Zo: The desired impedance (e.g., the character- 
istic impedance of the line). 

Return Loss = -20 Log (2 V M /V S ) 



D. Two-Wire Return Loss Test Circuit 



15474A-010 



SLIC P 



1-47 



AMD 



ADVANCE INFORMATION 



TEST CIRCUITS (continued) 




1.5 Vrms 
80% Amplitude Modulated 
100 kHz to 30 MHz 



SLIC 
Under Test 



E. RFI Test Circuit 



RL 

-WV — A(TIP) 



SM> RL 

VW— B(RING) 



SE 

Current Feed or Ground Key 
F. Ground-Key Detection Center Point Test 



RL = 600 



6.2K 

^WV-i 



A(TIP) 






DET 




E1 


B(RING) 





X 



15pF 



RG 



r 



RG: 2K at Vbat = -48 V 



G. Loop Detector Switching H. Ground-Key Switching 



15474A-010 
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TEST CIRCUITS (continued) 



+5 V 



DA 
DB 



2.2 nF 



A(TIP) O- 



X 



CHP 



JT 



AX(TIPX) 
HPA 



V EE 

Vcc 

RD 

V» 

RSN 



B(RING) O j— 



HPB 

BX(RINGX) RDC 



RINGOUT 



BGND 



Battery | 



Vbat 
TMG 



AGND/ 
DGND 



C3 
C2 
C1 
DET 



-5V 



: rd 




-i- Cas 



Battery 
Ground 

Analog 
Ground 

X 



Digital 
Ground 



16853A-00S 
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Application Notes 

The AMD PBX SLIC Family offers a high degree of ver- 
satility for applications in many PBX, DLC, and other 
types of line circuits. In this section, typical single-chan- 
nel and multiple-channel applications are described. 

Figure 1 shows a detailed schematic of a single line of a 
basic system using one SLIC and one-half of an 
Am79C02 DSLAC IC. 

In the receive path, the DSLAC IC processes digital 
PCM voice data into analog signals and inputs them to 
the SLIC RSN pin through resistor RRX. In the transmit 
path, the analog output at the SLIC Vtx pin is processed 
by the DSLAC IC and output in serial-digital format to 
the PCM interface. RRX sets the receive gain, and Rt is 
used to synthesize the AC two-wire output impedance. 
Both RT and RRX can be complex to achieve optimized 
parameters over the voice band. 

In the control path, wh en th e line goes off-hook, the 
SLIC pulls fts collector DET output down and enables 
the DSLAC IC serial control data I/O pins, Din and Dout 
(see Figure 1). The microprocessor also recognizes the 
off-hook, and typically will send a response such as an 
active state or ring relay release command back to the 
SLIC, via the DSLAC IC Din pin and the C3-C1 data bus. 
The C4 line is also addressed in the same manner, to 



enable or disable the test relay driver. The E1 pin is ad- 
dressed directly by the microprocessor as shown. 

SLIC monitor and control functions which can be per- 
formed using a microprocessor and the circuitry shown 
in Figure 2 include: 

• During the disable state, inform the processor when 
an off-hook has occurred and send a power-up 
command to the SLIC. 

• Detect an off-hook during ringing and send a 
command to the SLIC to release the ring relay. 

• Detect an on-hook condition during the active state 
and send a command to the SLIC to enter the disable 
state. 

• Send a line polarity reverse command to the SLIC. 

• Command the SLIC into the ground-key sense mode. 

• Command the SLIC to energize the ring relay, Kr. 

• Command the SLIC to energize the test relay, Kt. 

For more detailed information on designing with the 
AMD SLIC Family, please refer to The Subscriber Line 
Interface Circuit Family Application Note, order #07030. 
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Ringer Threshold 

"Ringing Circuit" 
Section 




15474A-011 



Figure 1. Single Channel of a Dual Channel Subscriber Line Circuit with Switcher Components 
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Ringer Threshold 
see "Ringing Circuit" 
Section 



Ringing 
Source - 



A(TIP) 



B(RING) 



+5 V/+12 V- 




+5 V 



Battery 




RMG 



Low Voltage 



-5 V 



T 














:rd - 





TESTOUT- 


C3 
C2 

C1 


BGND 
V nEO * 


C4' 

SET 


L* 


EO" 
E1 


„ . CHCLK 
Ubat 


Vbat 


Cas 


CHS* 




TMG" 





RT< 



RRX 
^VW — 



RDC2 I 



RDC1 



: Cdc 



X CGKF (optional) 



Cas 



666 6 6 6 



Veei 

VOOAI 



Vm 

AGND 

VOUT 



MCLK 



CLKX 
CLKR 



DXA 



U2 

1/2 Am79C02 
DSLAC Device 

TSCA 

DGND1 



C31 
C21 



C11 
C41 
CST 

DCLK 



DXB 

TscB 

DRA 

DRB 
DIN 
DOUT 



Battery 
Ground 

Analog 
Ground 



Digital 
Ground 

4- 



Microprocessor 
Interface 



2.048-MHz 
Clock 



PCM 
Interface 



*Pin not available on the Am7943. 
"Pin not available on the Am7942. 



15474B-001 



Figure 2. Single Channel of a Dual Channel Subscriber Line Circuit 
(24-V Battery, Without Switcher Components) 
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Table 1. Parts List — Single Channel Subscriber Line System 



U1 Am7942 or Am7943 SLIC 

U2 Am79C02 DSLAC device 

K R , Kt Relay, 2-C contacts, 1 500-V rating 

L Inductor, 1 mH, 5%" 

D1 Diode, 100 V, 100 mA, 4 ns" 

U3 Dual transient suppressor, Texas Instruments T1SP1 08A or equivalent 

D2 D3, D6 Diode 100 V, 100 mA, 10 ns 

RFt, RF 2 Resistor, fuse, 20 ohms to 50 ohms 

R2 Resistor, 800 ohms, 3%, 3 W (Ring feed resistor)* 

R B , Resistor, 1 Mohm, 1%, 1/4 W 

R3 Resistor, 825K, 1%, 1/4 W 

R4 Resistor, 452K, 1%, 1/4 W 

Rch Resistor, 1 .3K, 1 %, 1/4 W** 

RD Resistor, 35.4K, 1%, 1/4 W (sets off-hook threshold)* 

RT Resistor, 1 00K, 1 %, 1/4 W (sets two-wire impedance)* 

Rrx Resistor, 100K, 1%, 1/4 W (sets two-wire impedance)* 

Rdci, Rdc2 Resistor, 7.14K, 1%, 1/4 W (sets loop current)* 

RMG Resistor 1 700 ohms, 5% 2 W (Am7943) 

Crti Capacitor, 0.1 nF, 20%, 100 V 

C DC Capacitor 0.47 u.F, 20%, 1 V 

C H p Capacitor, 0.33 uF, 20%, 1 00 V 

Cas Capacitor, 0. 1 5 nF, 20%, 1 00 V 

Cax, Cbx Capacitor, 2200 pF, 20%, 1 00 V 

Chl Capacitor, 0.47 |iF, 10%, 100 V, metalized polyester** 

Cbat Capacitor, 0.47 uF, 20%, 1 00 V 

Co Capacitor, 0.33 uF, 20%, 1 00 V* 

Ccm Capacitor, 0.015 u.F, 10%, 50 V, X7R ceramic** 

C C H2 Capacitor, 560 pF, 1 0%, 1 00 V, X7R ceramic** 

Co Capacitor, 0.01 u.F, 20%, 10 V (sets off-hook filtering)* 

Cgkf Capacitor, 3300 pF, 10%, X7R ceramic 

Note: *The parts marked by an asterisk (*) are user-programmable. The values shown can be altered to suit the application. 
**The parts marked by a double asterisk (**) are not needed for 24-V battery operation without a switcher. 
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CENTRAL OFFICE SLIC PRODUCTS 
General Description 

AMD's Central Office SLIC (Subscriber Line Interface 
Circuit) products perform the telephone line interface 
functions required by most types of telephone switching 
and transmission equipment. The full range of signal 
transmission, battery feed, and loop supervision func- 
tions are supported. 

The Am7953X and Am7957X Central Office SLICs are 
compatible with CCITT recommendations, while North 
American LSSGR recommendations are accommo- 
dated by the new Am7958. A number of SLICs in this 
family also support the metering function required by 
many European countries (see Central Office Metering 
SLICs section). The Central Office SLICs feature an 
internal, self-adjusting switching regulator to reduce 
power consumption to a minimum and enhance system 
reliability. Central Office SLICs also support on-hook 
transmission and offer extended temperature perform- 
ance, making either type ideal for Digital Loop Carrier 
and Multiplexer applications. 

The signal transmission functions of all AMD SLICs 
include both two-to-four-wire and four-to-two-wire 
conversion. The two-wire termination impedance is 
programmable with a single external impedance. The 
companion AMD SLAC or DSLAC IC (Single-Channel 
or Dual-Channel Subscriber Line Audio-Processing 
Circuit) has a digital balancing filter that provides the 
trans-hybrid loss function. If the DSLAC IC is not used, 
most codec/filters provide an uncommitted op amp for 
this purpose. 



The SLICs battery feed architecture makes their DC 
feed characteristics programmable with external 
resistors. Furthermore, these characteristics are inde- 
pendent of battery variations. AMD's Central Office 
SLICs are optimized for either 48- or 63-V operation. 

A polarity reversal function is provided on all SLICs and 
transposes the normal voltage sense of the A(TIP) and 
B(RING) leads with a controlled transition time. All 
transmission functions continue normally following the 
transition. A disable mode is also provided, limiting loop 
current and cutting power dissipation while allowing the 
full complement of supervisory functions to be utilized. 

The supervisory functions of off-hook detection and ring 
trip detection are read through a single, TTL-compatible 
output. To eliminate noise-induced errors, the off-hook 
detector signal may be filtered. Off-hook detection has a 
threshold that is set by the value of an external resistor. 
Additional supervisory controls put the A lead into an 
open circuit or high-impedance state suitable for appli- 
cation in ground start systems. Similarly, both the A and 
B leads may be open circuited to clear relays, recover 
from line faults, orturn off out-of-service lines. Two relay 
drivers support ring and test relay functions, or can be 
used for other functions. 

The SLICs user-programmable states are controlled 
by a TTL-compatible code. The control inputs are de- 
signed to easily interface to popular single-chip 
microcontrollers, such as the industry standard 8051 , or 
to latched outputs from a SLAC or DSLAC device. 
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Am79530/Am79531/ 
Am79534/Am79535 

Subscriber Line Interface Circuit 
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ISTINCTIVE CHARACTERISTICS 
Programmable constant current feed 
Line-feed characteristics independent of 
battery variations 
Programmable loop detect threshold 
On-chip switching regulator for low-power 
dissipation 

Pin for external ground-key noise filter 
capacitor available 



Ground-key detect 
Low standby power 

Two-wire impedance set by single external 
impedance 

Polarity reversal feature 

Tip open state for ground start lines 

Test relay driver optional 



BLOCK DIAGRAM 



AX(TIPX) 



HPA <?■ 



HPB 



BX(RINGX) 



Two-Wire 
Interface 
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Switching Regulator «— ' 



Ring Trip Detector 



CHS Q„at CHCLK 



Vee AGND 



Notes: Am79530 — Eo and Ei inputs; ring relay sourced internally to BGND; no test relay driver. 

Am79531 — Eo and Ei inputs; ring relay sourced internally to BGND; no test relay driver; ground-key filter pin. 
Am79534 — Eo and Et inputs; ring and test relay drivers sourced internally to BGND. 
Am79535 — Eo and Ei inputs; ring relay driver sourced internally to BGND; ground-key filter pin. 
Current gain (K,) = 1000 for all parts. 
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CONNECTION DIAGRAMS 
Top View 



bgndC 

VrEqQ 

VccC 
RINGOUTQ 
RSRVD C 

QbatC 

chsE 
chclkC 
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2 
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EoC 12 
DETC 13 
C 2 C 14 



Am79530 



28 
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20 
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17 
16 
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□ BX(RINGX) 

□ AX(TIPX) 
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□ DA 
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Am79531 











bgndQ 


1 • 


28 


□ BX(RINGX) 


VresQ 


2 


27 


□ AX(TIPX) 




3 


26 


□ DB 


ringoute; 


4 


25 


□ DA 


gkfilC 


5 


24 


□ Rd 


lC 


6 


23 
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Note: Pin 1 is marked for orientation. 
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CONNECTION DIAGRAMS (continued) 
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28 □ DA 

27 □ R° 
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□ Vee 

□ RSN 
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Notes: 1. Pin 1 is marked for orientation. 

2. TP is a thermal conduction pin tied to substrate (Qbat). 
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ORDERING INFORMATION 
Standard Products 

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 
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TEMPERATURE RANGE 

C*= Commerical (0°C to 70°C) 



PACKAGE TYPE 

J = 32-Pin Plastic Leaded Chip Carrier (PL 032) 
P = 28-Pin Plastic DIP (PD 028) 
D = 28-Pin Ceramic DIP (CD 028) 



PERFORMANCE GRADE 

Blank = Standard Specification 
-1 = Performance Grading 
-2 = Performance Grading 



DEVICE NAME/DESCRIPTION 

Am7953X 

Subscriber Line Interface Circuit 



Valid Combinations 


AM7953X 


DC, JC, PC 


-1DC, -1JC, -1PC 


-2DC, -2JC, -2PC 



Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD's standard military grade products. 



*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC 
Extended Temperature Supplement for information on industrial temperature range (-40°C to +85°C) specifications. 
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PIN DESCRIPTION 
AGND 

Ground (Am79534 and Am79535) 

Analog (Quiet) ground. 

DGND 

Ground (Am79534 and Am79535) 

Digital ground. 
GND/DGND 

round (Am79530, Am79531) 

nalog and digital ground are connected internally to a 
single pin. 

AX(TIPX) 
(Output) 

Output of A(TIP) power amplifier. 

BGND 
Ground 

Battery (power) ground. 

BX(RINGX) 
(Output) 

Output of B(RING) power amplifier. 

Car- Ci 

Decoder (Inputs) 

TTL compatible. C 3 is MSB and Ci is LSB. 
C, 

Test Relay Driver Command (Input) (Am79534) 

compatible. A logic Low enables the driver. 

ICLK 

Chopper Clock (Input) 

Input to switching regulator (TTL compatible). Fre- 
quency = 256 kHz (Nominal). 

CHS 

Chopper Stabilization (Input) 

Connection for external stabilization components. 
DA 

Ring Trip Negative (Input) 

Negative input to ring trip comparator. 

DB 

Ring Trip Positive (Input) 

Positive input to ring trip comparator. 

DET 

Detector (Output) 

When enabled, a logic Low indicates that the selected 
detector is tripped. The detector is selected by the logic 
inputs (C3-C1, E , Ei). The output is open-collector with a 
built-in 15K pull-up resistor. 



Read Enable (Input) 

(Am79530, Am79531, and Am79534) 

A logic High enables DET. A logic Low disables DET. 
E, 

Ground Key Enable (Input) 

When Eo is High , Ei = High connects the ground-key 
detector to DET, and Ei = Low connects the off-hook 
or ring trip detector to DET. 

GKFIL 

Ground-Key Filter Capacitor Connection 
(Am79531 and Am79535) 

An external capacitor for filtering out high-frequency 
noise from the ground-key loop can be connected to this 
pin. An internal 36K -20%, +40% resistor is provided 
to form an RC filter with the external capacitor. 

In versions which have a GKFIL pin, 3.3 nF minimum 
capacitance must be connected from the GKFIL pin to 
ground. 

HPA 

A(TIP) side of high-pass filter capacitor. 
HPB 

B(RING) side of high-pass filter capacitor. 



Switching Regulator Power Transistor (Output) 

Connection point for filter inductor and anode of catch 
diode. This pin will have up to 60 V of pulse waveform 
on it and must be isolated from sensitive circuits. Ex- 
treme care must be taken to keep the diode connections 
short because of the high currents and high di/dt. 

Qmt 

Quiet Battery 

Filtered battery supply for the signal processing circuits. 
R„ 

Threshold modification and filter point for the off-hook 
detector. 



Connection point for the DC feed current programming 
network. The other end of the network connects to the 
Receiver Summing Node (RSN). The sign of V RD c is 
minus for normal polarity and plus for reverse polarity. 

RINGOUT 

Ring Relay Driver (Output) 

Sourcing from BGND with internal diode to Qmt. 



uift-i 
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TESTOUT 

Test Relay Driver (Output) (Am79534) 

Sourcing from BGND with internal diode to CW. 

RSN 

Receive Summing Node (Input) 

The metallic current (both AC and DC) between A(TIP) 
and B(RING) is equal to 1 000 times the current into this 
pin. The networks that program receive gain, two-wire 
impedance, and feed current all connect to this node. 
This node is extremely sensitive. Care should be taken 
to route the 256-kHz chopper clock and switch lines 
away from the RSN node. 

Vb.t 

Connected to office battery supply through an external 
protection diode. 



Vcc 

+5-V power supply. 
V EE 

-5-V power supply. 
V RE0 

Regulated Voltage (Input) 

Provides negative power supply for power amplifiers 
and connection point for inductor, filter capacitor, and 
chopper stabilization. 

V™ 

Transmit Audio (Output) 

This output is a unity gain version of the AX(TIPX) and 
BX(RINGX) metallic voltage. The other end of the two- 
wire input impedance programming network connects 
here. 
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OPERATING RANGES 

Commercial (C) Devices 

Ambient Temperature 0°C to +70°C 

Vcc 4.75 V to 5.25 V 

V EE -4.75 V to -5.25 V 

Vbat -40 V to -63 V 

AGND/DGND V 

BGND with respect to 

AGND/DGND -100 mV to +100 mV 

Load Resistance on V™ to Ground .... 10 Kohm Min 

"-2" performance grade SLICs are functional from -40°C to 
+85°C. See the SLIC Extended Temperature Supplement for 
information on industrial temperature range (-40°C to +85°C) 
specifications. 

Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 



ABSOLUTE MAXIMUM RATINGS 

Storage Temperature -55°C to +150°C 

Vcc with respect to AGND/DGND . . -0.4 V to +7.0 V 

V EE with respect to AGND/DGND . . +0.4 V to -7.0 V 

V B at with respect to AGND/DGND . . . +0.4 V to -70 V 

Note: Rise time of Vbat (dv/dt) must be limited to 27 V/u.s or 
less when Qbat bypass = 0.33 u.F. 

BGND with respect to 

AGND/DGND +1 .0 V to -3.0 V 

AXfTIPX) or BX(RINGX) to BGND: 

Continuous -70 V to +1 .0 V 

1 ms (F = 0.1 Hz) -70 V to +5.0 V 

1us(F = 0.1Hz) -90 V to +10 V 

250 ns (F = 0.1 Hz) -120 V to +15 V 

Current from AX(TIP) or BX(RING) ±150 mA 

Voltage on RINGOUT BGND to 70 V above CW 

Voltage on TESTOUT BGND to 70 V above Q BAT 

Current through Relay Drivers 60 mA 

Voltage on Ring Trip Inputs 

(DA and DB) Vbat to V 

Current into Ring Trip Inputs ±10 mA 

Peak Current into Regulator 

Switch (L pin) 150 mA 

Switcher Transient Peak Off 

Voltage on L pin +1.0 V 

C4-C1,E1,CHCLKto 

AGND/DGND -0.4 V to Vcc + 0.4 V 

Maximum Power Dissipation, Ta (see note) . . . 70°C 

In 28-pin ceramic DIP package 2.58 W 

In 28-pin plastic DIP package 1 .4 W 

In 32-pin PLCC package 1 .74 W 

Note: Thermal limiting circuitry on chip will shut down the 
circuit at a junction temperature of about 1 65°C. The 
device should never see this temperature and opera- 
tion above 145°C junction temperature may degrade 
device reliability. See SLIC Packaging Considerations 
section for more information. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may effect device 
reliability. 
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ELECTRICAL CHARACTERISTICS over operating range 

Am79530/Am79531/Am79534/Am79535 (see Note 1) 



Description 


Test Conditions 


Preliminary 


Unit 


P.G.* 


Min 


Typ 


Max 


Analog (V™) Output Impedance (Note 5) 








3 




ohm 


Analog (V ra ) Output Offset 




-1 


-35 
-30 




+35 
+30 


mV 


Analog (RSN) Input Impedance (Note 5) 


300 Hz to 3.4 kHz 






1 


20 


ohm 


Longitudinal Impedance at AX or BX 




35 


Overload Level 

Z2W1N = 600 to 900 ohms (Note 2) 


four-wire 




-3.1 




+3.1 


Vpk 


two-wire 


Transmission Performance, two-wire impedance 


Two-Wire Return Loss 
(See Test Circuit D) 
(Notes 5, 10) 


300 Hz to 500 Hz 
500 Hz to 2500 Hz 
2500 Hz to 3400 Hz 




26 
26 
20 






dB 


Longitudinal Balance (two-wire and four-wire, see Test Circuit C) 


R L = 600 ohms 

Longitudinal to Metallic L-T, L-4 


300 Hz to 3400 Hz 


-1 


48 
52 






dB 


Longitudinal to Metallic L-T and 

L-4 for trimmed version (consult factory) 


200 Hz to 1 000 Hz 
1000 Hz to 3400 Hz 
200 Hz to 3400 Hz 
(Reverse polarity) 


-2" 


63 
58 

54 


70 
70 




Longitudinal Signal Generation 4-L 


300 Hz to 800 Hz 
300 Hz to 800 Hz 


-1 


40 
42 






dB 


Longitudinal Current Capability 
per Wire (Note 5) 


Active State 






25 




mA 
RMS 


Disable State 






18 




Insertion Loss (two-wire to four-wire and four-wire to two-wire, see Test Circuits A and B) 


Gain Accuracy 


dBm, 1 kHz 


-1 


-0.15 
-0.1 




+0.15 
+0.1 


dB 


Variation with Frequency (Note 5) 


300 Hz to 3400 Hz 
Relative to 1 kHz 




-0.1 




+0.1 


dB 


Gain Tracking (Note 5) 


+7 dBm to -55 dBm 
Reference: dBm 




-0.1 




+0.1 


dB 


Balance Return Signal (four-wire to four-wire, see Test Circuit B) 


Gain Accuracy (Note 3) 


dBm, 1 kHz 


-1 


-0.15 
-0.1 




+0.15 
+0.1 


dB 


Variation with Frequency (Notes 3, 5) 


300 Hz to 3400 Hz 
Relative to 1 kHz 




-0.1 




+0.1 


dB 


Gain Tracking (Note 5) 


+3 dBm to -55 dBm 
Reference: dBm 




-0.1 




+0.1 


dB 


Group Delay (Notes 5, 12) 


F = 1 kHz 






5.3 




us 


Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B) 


Total Harmonic Distortion 


dBm, 300 Hz-3.4 kHz 
+9 dBm, 300 Hz-3.4 kHz 






-64 
-55 


-50 
-40 


dB 



*P.G. = Performance Grade 

"All other performance parameters equivalent to -1 grade. 
Normal Polarity only. 
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ELECTRICAL CHARACTERISTICS (continued) 



c 


escription 


Test Conditions 


Preliminary 


Unit 


P.G. 


Min Typ 


Max 


l< 


ile Channel Noise 


c 

(1 


!-Message Weighted Noise 
Motes 5, 7) 


two-wire 


-1 




+7 
+7 


+15 
+12 


dBrnC 


four-wire 


-1 




+7 
+7 


+ 15 
+12 


dBrnC 


F 

( 


sophometric Weighted Noise 
Mote 7) 


two-wire 


-1 




-83 
-83 


-75 
-78 


dBmp 


four-wire 


-1 




CO CO 
CO CO 


-75 
-78 


dBmp 


E 


iingle Frequency Out-of-Band Noise (see Test Circuit E) 


1 

( 
( 


Metallic 

Notes 4, 5, 9) 
Notes 4, 5) 


4 kHz to 9 kHz 






-76 




dBm 


9 kHz to 1 MHz 




-76 




256 kHz and harmonics 




-57 




Longitudinal 
(Notes 4, 5, 9) 
(Notes 4, 5) 


1 kHz to 15 kHz 






-70 




dBm 


Above 15 kHz 




-85 




256 kHz and harmonics 




-57 




DC Feed Currents (see Figures 1a, 1b, 1c) Battery = -48 V 


Active Mode Loop Current Accuracy 


Loop (nominal) = 40 mA 




-7.5 


+7.5 


% 


Disable Mode 


Rl= 600 ohms 


18 


20 


22 


mA 


Tip Open Mode 


R L = 600 ohms 






1.0 


Open Circuit Mode 


Rl= ohms 






1.0 


Fault Current Limit, Ilum (Iax + lex) 


AX and BX shorted 
to ground 








130 


mA 


Power Dissipation Battery = -48 V, Normal Polarity 


On-Hook Open Circuit 




-1 




35 
35 


120 
80 


mW 




Dn-Hook Disable Mode 




-1 




135 
135 


250 
200 




3n-Hook Active Mode 




-1 




200 
200 


400 
300 


Off-Hook Disable Mode 


R L = 600 ohms 






500 


750 


( 


Dtf-Hook Active Mode 


Rl= 600 ohms 






650 


1000 



Supply Currents 



Vcc On-Hook Supply Current 



Vee On-Hook Supply Current 



Vbat On-Hook Supply Current 



Open Circuit Mode 
Disable Mode 
Active Mode 



Open Circuit Mode 
Disable Mode 
Active Mode 



Open Circuit Mode 
Disable Mode 
Active Mode 



3.0 
6.0 
7.5 



1.0 
2.2 
2.7 



0.4 
3.0 
4.0 



4.5 
10.0 
12.0 



2.3 
3.5 
6.0 



1.0 
5.0 
6.0 
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ELECTRICAL CHARACTERISTICS (continued) 







Preliminary 




Description 


Test Conditions 


P.G. 


Min 


Ty P 


Max 


Unit 


Power Supply Rejection Ratio (Vripple : 


= 50 mV RMS) 












Vcc 


50 Hz to 3400 Hz 




25 
30 


45 
45 




dB 


(Notes 6, 7) 


3.4 kHz to 50 kHz 




22 
25 


35 
35 




dB 


V EE 


50 Hz to 3400 Hz 




20 
25 


40 
40 




dB 


(Notes 6, 7) 


3.4 kHz to 50 kHz 




10 
10 


25 
25 




dB 




50 Hz to 3400 Hz 




27 
30 


45 
45 




dB 


(Notes 6, 7) 


3.4 kHz to 50 kHz 




20 
25 


40 
40 




dB 


Off-Hook Detector 


Current Threshold Accuracy 


Idet = 365/Ro Nominal 




-20 




+20 


% 


Ground-Key Detector Thresholds, Active Mode, Battery = -48 V (see Test Circuit F) 


Ground-Key Resistance Threshold 


B(Ring) to GND 




2.0 


5.0 


10.0 


Kohm 


Ground-Key Current Threshold (Note 8) 


B(Ring) to GND 






9 




mA 


Midpoint to GND 






9 




Ring Trip Detector Input 


Bias Current 






-5 


-0.05 




uA 


Offset Voltage (Note 11) 


Source Resistance 
to 2 Mohm 




-50 





+50 


mV 


Logic Inputs (Ci, C 2 , C 3 , C 4 , Eo, E t , and CHCLK) 


Input High Voltage 






2.0 






V 


Input Low Voltage 










0.8 


V 


Input High Current 






-75 




40 


l*A 


Input Low Current 






-0.4 






mA 


Logic Output (DET) 


Output Low Voltage 


lour = 0.8 mA 








0.4 


V 


Output High Voltage 


Iout = -0.1 mA 




2.4 






V 
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SWITCHING CHARACTERISTICS 
Am79530/Am79531/Am79534/Am79535 


Parameter 


Test Conditions 


Min 


Typ 


Max 


Unit 


tgkde 


Ei High toDETHigh (E„=1) 
Ei High to DET Low (Eo = 1 ) 


orounu-l\ey uetect Mode 
Rl Open, Rg Connected 
(see Test Circuit H) 






3.8 
1 .1 


us 


tshde 


E, Low to DET Low (E = 1) 
E, Low to DET High (Eo= 1) 








1 .2 
o.o 


us 


tshdd 


Eo High to DET Low (E, = 0) 


Switch Hook Detect Mode 
Rl= 600 ohms, Rg Open 
(see Test Circuit G) 






1.1 


us 


tshdO 


Eo Low to DET High (E, = 0) 






3.8 


tgkdd 


Eo High to DET Low (E, = 1 ) 








1.1 


us 


tgkdO 


Eo Low to DET High (E, = 1) 








3.8 



Table 1 . SLIC Decoding 





DET Output 


State 


C, 


c. 


c, 


Two-Wire Status 


Eo=1* 
E, = 


Eo=1* 
E, = 1 














Open Circuit 


Ring Trip 


Ring Trip 


1 








1 


Ringing 


Ring Trip 


Ring Trip 


2 





1 





Active 


Loop Det. 


Ground Key 


3 





1 


1 


Disable 


Loop Det. 


Ground Key 


4 


1 


o 








5 


1 





1 


Reserved 


Loop Det. 




6 


1 


1 





Active Polarity Reversal 


Loop Det. 


Ground Key 


7 


1 


1 


1 


Disable Polarity Reversal 


Loop Det. 


Ground Key 



For the Am 79530, Am79531 , Am79534, and Am79535, a logic Low on Eo disables the DET output into the open-collector state. 
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SWITCHING WAVEFORMS 
Am79530/Am79531 /Am79534/Am79535 



Ei to DET 
E 



' -J 



f 



DET 



tgkde 



tshde 



v 



r 



j 



tgkde 



tshde 



Eo to DET 



Eo 



DET 



V/- 



f 



J 



V 



J 



A. 



tshdd 



tshdO 



tgkdd 



tgkdO 



11701B-002 

Note: All delays measured at 1 .4-V level. 
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R( 


slay Driver Specifications 

Am79530/Am79531/ Am79534 
Am79534/Am79535 

BGND BGND 

RINGOUT TESTOUT 

fi fi 

Qbat Qbat 

11701B-003 


[ 


(escription 


Test Conditions 


Min 


Typ 


Max 


Unit 


F 


ielay Driver Outputs (RINGOUT, TESTOUT) 


C 


)n Voltage 


50 mA Source 


BGND -2 


BGND-0.95 




V 


c 


)ff Leakage 






0.5 


100 


uA 


c 


Jlamp Voltage 


50 mA Sink 


Qbat -2 






V 


Nc 
1. 

2. 
3. 

4. 

5. 
6. 

7. 

8. 

9. 
U 

V 

1! 


rtes: 

Unless otherwise noted, test conditions are: Battery = -48 V, V cc = +5 V, V EE = -5 V, R L = 600 ohms, Chp = 0.22 u.F, 
Rdci = Rdcz = 31 .25K, Cdc = 0.1 hF, R a = 51 .1 K, no fuse resistors, two-wire AC output impedance, programming impedance (Zt) 
= 600K resistive, receive input summing impedance (Zrx) = 300K resistive. (See Table 2 for component formulas.) 

Overload level is defined when THD = 1%. 

Balance return signal is the signal generated at V™ by Vnx. This spec assumes that the two-wire AC load impedance 
matches the impedance programmed by Z T . 

These tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 300 ohms for frequencies 
below 1 2 kHz and 1 35 ohms for frequencies greater than 1 2 kHz. These tests are extremely sensitive to circuit board layout. 

Not tested in production. This parameter is guaranteed by characterization or correlation to other tests. 

This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization. 

When the SLIC is in the Anti-sat 2 operating region, this parameter will be degraded. The exact degradation will depend 
on system design. The Anti-sat 2 region occurs at high loop resistances when |V B atI - |V A x-V B xl is less than approximately 
11 V. 

"Midpoint" is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and B(RING). 
Fundamental and harmonics from 256-kHz switch-regulator chopper are not included. 

. Assumes the following Zt network: v™ — *\AA i Vv\ RSN 

300K i 300K 

30 pF 

. Tested with ohm source impedance. Two Mohms is specified for system design purposes only. 

i. Group delay can be considerably reduced by using a Zt network such as that shown in Note 1 above. The network will reduce 
the group delay to less than 2 us. The effect of group delay on linecard performance may be compensated for by using SLAC 
or DSLAC devices. 
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Table 2. User-Programmable Components 



z T = iooo(Zz»».-2Rf) 


Zt is connected between the Vtx and RSN pins.The fuse re- 
sistors are R F , and Z2win is the desired two-wire AC input im- 
pedance. When computing Z T , the internal current amplifier 
pole and any external stray capacitance between Vtx and 
RSN must be taken into account. 


Z L 1 000 z T 
RX_ G42L ' Z T + 1000(Z l + 2R f ) 


Z nx is connected from V RX to the RSN pin and Z T is defined 
above and G42L is the desired receive gain. 


Roci + RDC2 = 2500/Ifeeo 

CdC= (1.5 ms)(R0C1 + R[)C2)/(RdCiRdC2) 


Rdci, Rdc2, and Coc form the network connected to the Rdc pin. 
Rdci and Rdc2 are approximately equal. 


Rd = 365/It, Cd = 0.5 ms/Ro 


Rd and Cd form the network connected from R D to-5 V, and It 
is the threshold current between on-hook and off-hook. 



Vbat = -47.3 V 

Rdci + Rdc2 = Rdc= 62. 5K 



V«x-Vbx 
(Volts) 



Anti-sat 


2 
















\nti-sat 1 


























Constan 


t current 















L(mA) 60 



2500 

Constant current region: II = 

Rdc 

Anti-sat 1 region: Vax-bx = 45.78 - 



152.6 

Anti-sat 2 region: V«-„x = 1.067 I V B « T | - 12.22 - ( , 01 28+ R ° c ) l L 

\ 1523/ 

See Figure 1c. 



11701&-O04 



Figure 1a. Load Line (Typical) 
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Rl (Ohm) 



Load Current versus Load Resistance — Am79530/Am79531/Am79534/Am79535 
'bat = -47.3 V 
Rdg = 62.5K 



See Figure 1c. 



50 



II (mA) 



3000 



Figure 1b. Feed Characteristics (Typical) 



11701B-005 




Current programmed by Rdci and Rdc 2 . 



Figure 1c. Feed Programming 



11701B-006 
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TEST CIRCUITS 




AX Vt, 
(TIPX) 



SLIC 

AGND 



BX 
(RINGX) 



RSN 



Ilm = -20 log (Vtx / V» B ) 



Rt 



Rrx 





AX 










(TIPX) 7)1 










SLIC 






AB * 


I Rl 


AGND 




: Rt 






(RINGX) RSN 




Rrx 







= -20 log (Vab/V 
BRS = 20 log (Vtx/Vrx) 



A. Two-to-Four Wire Insertion Loss 



B. Four-to-Two Wire Insertion Loss and Balance Return Signal 



1/coC « Rl 
S1 



r^WH 

Rl_ 

2 




C 

OH 



Vl 



Rl^ 
2 

MMrl 



AX V™ 
(TIPX) 



BX 

(RINGX) 



900 ohms 

AAA/- 




S2 Open, S1 Closed: 
L-T Long. Bal. = 20 log (Vab/E) 
L-4 Long. Rej. = 20 log (V™/ E) 

S2 Closed, S1 Open: 
4-L Long. Sig. Gen. = 20 log (V L /V R x) 



Z D : The desired impedance (e.g., the character- 
istic impedance of the line). 

Return Loss = -20 log (2 V u /V s ) 



C. Longitudinal Balance 



D. Two-Wire Return Loss Test Circuit 



15772A-017a 
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TEST CIRCUITS (continued) 



1 — wv- 

68 ohms 



56 ohms 



c 



IDC 



68 ohms 



AX(TIPX) 



SLIC 



BX(RINGX) 



1/coC « 90 ohms 

E. Single-Frequency Noise 



-VW— A(TIP) 



S M S Rl 

<W\/— B(RING) 



Re 



— *f« — 



Current Feed or Ground Key 
F. Ground-Key Detection 



= 600 ohms 




15 pF 



G. Loop Detector Switching 



R G = 2K 



H. Ground-Key Switching l5772A-oi7b 
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Am79571 /Am79573/Am79574 

Subscriber Line Interface Circuit 



Advanced 
Micro 
Devices 



DISTINCTIVE CHARACTERISTICS 

Programmable constant resistance feed 
Line-feed characteristics independent of 
battery variations 

Programmable loop detect threshold 
On-chip switching regulator for low-power 
dissipation 

Pin for external ground-key noise filter 
capacitor available 



Ground-key detect option available 
Low standby power 

Two-wire impedance set by single external 
impedance 

Polarity reversal feature 

Tip open state for ground start lines 

Test relay driver optional 



BLOCK DIAGRAM 



AX 
(TIPX) 



HPA 



HPB 



BX 
(RINGX) 



DA 
DB 

VrEQ 

L 

Vbat 
BGND 



Two-Wire Interface 



Ground-Key 
Detector 



* Ring Relay Driver 



I Test Relay Driver h 



Signal 
Transmission 



Power Feed 
Controller 



Input Decoder 
and Control 



i- 9 



4 



Off-Hook 
Detector 



Switching 
Regulator 



*lZ/-?7 -A o- 



Ring Trip Detector 



--6 

I 
I 



RINGOUT 

TESTOUT 

C, 
C 2 
C 3 
C 4 
Ei 
Eo 

det 



GKF1L 

Vw 

RSN 



tor Pi- 

ZIt- -Z- — J — I J 



CHS Qbat CHCLK 



AGND 



11701B-007 



Notes: Am79571 — Eo and Ei inputs; ring relay sourced internally to BGND; no test relay driven ground-key filter pin. 
Am79573 — Eo input and no Ei input; ring and test relay drivers sourced internally to BGND. 
Am79574 — Eo and Ei inputs; ring and test relay drivers sourced internally to BGND. 
Output amplifier current gain (Ki) = 1000 for all three parts. 



This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 

Publication #: 16855 Rev. A Amendment 10 
Issue Date: June 1992 
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CONNECTION DIAGRAMS 
Top View 

Am79571 





x — ' 










BGND □ 


1 • 


28 


□ BX(RINGX) 


BGND □ 


1 • 


Vreg □ 


2 


27 


□ AX(TIPX) 


Vrec □ 


2 


Vco C 


3 


26 


□ DB 


Vcc C 


3 


RINGOUT □ 


4 


25 


□ DA 


RINGOUT □ 


4 


GKFIL C 


5 


24 


□ Rd 


TESTOUT □ 


5 


LC 


6 


23 


□ HPB 


lC 


6 


Vbat C 


7 


22 


□ HPA 


Vbat C 




Qbat \Z 


8 


21 


□ Vtx 


Qbat [I 


8 


CHS □ 


9 


20 


□ Vee 


CHS □ 


9 


CHCLK C 


10 


19 


□ RSN 


CHCLK □ 


10 


E, C 


11 


18 


□ AGND/DGND 


C. C 


11 




12 


17 


□ Rdo 


EoC 


12 


DET C 


13 


16 


□ c 


DET C 


13 


c 2 C 


14 


15 


□ c 


c 2 C 


14 



Am79573 



28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 



□ BX(RINGX) 

□ AX(TIPX) 

□ DB 

□ DA 

□ Ro 

□ HPB 

□ HPA 

□ Vtx 

□ Vee 

□ RSN 

□ AGND/DGND 
I Rdc 

□ c 

□ C 3 



TP C 5 

TESTOUT □ 6 

L-E 7 

Vbat C 8 

Qbat E 9 

CHS C 10 

CHCLK □ 11 

C 4 E 12 

E, E 13 



Am79574 



y— X _, 

Z) C3 5? 

O Q ? 5= 

CD o Z DC H 

? 8 £ a x x m 

CC > > CO CO < O 

n n n n n n n 

co CM <N r- o 



27 
26 
25 



23 
22 
21 



U> tt> 00 O) o 

LJ LJ LJ U U LJ LJ 

uT g o" <f ^8 | 



29 □ TP 

28 □ DA 

□ Rd 

□ HPB 

□ HPA 

24 p Vtx 
Vee 
RSN 



□ 
□ 



□ AGND 



Notes: 1 . Pin 1 is marked for orientation. 

2. TP is a thermal conduction pin tied to substrate (Qbat). 
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PIN DESCRIPTION 



AGND 

Ground (Am79574) 

Analog (Quiet) ground. 
DGND 

Ground (Am79574) 

Digital ground. 
AGND/DGND 

Ground (Am79571 and Am79573) 

Analog and digital ground are connected internally to a 
single pin. 

AX(TIPX) 
(Output) 

Output of A(TIP) power amplifier. 

BGND 
Ground 

Battery (power) ground. 

BX(RINGX) 
(Output) 

Output of B(RING) power amplifier. 
C-C, 

Decoder (Inputs) 

TTL compatible. C 3 is MSB and C, is LSB. 
C. 

Test Relay Driver Command (Input) 
(Am79573 and Am79574) 

TTL compatible. A logic Low enables the driver. 
CHCLK 

Chopper Clock (Input) 

Input to switching regulator (TTL compatible). Fre- 
quency = 256 kHz (Nominal). 

CHS 

Chopper Stabilization (Input) 

Connection for external stabilization components. 

DA 

Ring Trip Negative (Input) 

Negative input to ring trip comparator. 

DB 

R ng Trip Positive (Input) 

Positive input to ring trip comparator. 



DET 

Detector (Output) 

When enabled, a logic Low indicates that the selected 
detector is tripped. The detector is selected by the logic 
inputs (Cj-Ct, Eo, E,). The output is open-collector with a 
built-in 15K pull-up resistor. 

Eo 

Read Enable (Input) 

A logic High enables DET. A logic Low disables DET. 
E, 

Ground-Key Enable (Input) 
(Am79571 and Am79574) 

When Eo is High , E, = High connects the ground-key 
detector to DET, and Ei = Low connects the off-hook 
or ring trip detector to DET. 

GKFIL 

Ground-Key Filter Capacitor Connection 
(Am79571) 

An external filter capacitor for filtering out high fre- 
quency noise from the ground-key loop can be con- 
nected to this pin. An internal 36K -20%, +40% resistor 
is provided to form an RC filter with the external 
capacitor. 

In versions which have a GKFIL pin, 3.3-nF minimum 
capacitance must be connected from the GKFIL pin to 
ground. 

HPA 

A(TIP) side of high-pass filter capacitor. 
HPB 

B(RING) side of high-pass filter capacitor. 
L 

Switching Regulator Power Transistor (Output) 

Connection point for filter inductor and anode of catch 
diode. This pin will have up to 60 V of pulse waveform on 
it and must be isolated from sensitive circuits. Extreme 
care must be taken to keep the diode connections short 
because of the high currents and high di/dt. 

Qbat 

Quiet Battery 

Filtered battery supply forthe signal processing circuits. 
Ro 

Threshold modification and filter point for the off-hook 
detector. 
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Rdc 

Connection point for the DC-feed resistance program- 
ming network. The other end of the network connects to 
the Receiver Summing Node (RSN). The sign of V BD c is 
minus for normal polarity and plus for reverse polarity. 

RINGOUT 

Ring Relay Driver (Output) 

Sourcing from BGND with internal diode to Q«t. 

TESTOUT 

Test Relay Driver (Output) 
(Am79573 and Am79574) 

Sourcing from BGND with internal diode to CW 
RSN 

Receive Summing Node (Input) 

The metallic current (both AC and DC) between A(TIP) 
and B(RING) is equal to 1 000 times the current into this 
pin. The networks that program receive gain, two-wire 
impedance, and feed resistance all connect to this node. 
This node is extremely sensitive. Care should be taken 
to route the 256-kHz chopper clock and switch lines 
away from the RSN node. 



Vb.t 

Connected to office battery supply through an external 
protection diode. 

Vcc 

+5-V power supply. 

Vee 

-5-V power supply. 

V„EO 

Regulated Voltage (Input) 

Provides negative power supply for power amplifiers, 
connection point for inductor, filter capacitor, and chop- 
per stabilization. 

V„ 

Transmit Audio (Output) 

This output is a unity gain version of the AX(TIPX) and 
BX(RINGX) metallic voltage. The other end of the two- 
wire input impedance programming network connects 
here. 
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ORDERING INFORMATION 
Standard Products 

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 



AM7957X 



I 



TEMPERATURE RANGE 

C*= Commerical (0°C to 70°C) 



PACKAGE TYPE 

J = 32-Pin Plastic Leaded Chip Carrier (PL 032) 
P = 28-Pin Plastic DIP (PD 028) 
D = 28-Pin Ceramic DIP (CD 028) 



1 PERFORMANCE GRADE 

Blank = Standard Specification 
-1 = Performance Grading 
-2 = Performance Grading 

DEVICE NAME/DESCRIPTION 

Am7957X 

Subscriber Line Interface Circuit 



Valid Combinations 


AM7957X 


DC, JC, PC 


-1DC.-1JC, -1PC 


-2DC, -2JC, -2PC 



Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD's standard military grade products. 



"The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC 
Extended Temperature Supplement for information on industrial temperature range (-40°C to +85°C) specifications. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature -55°C to +150°C 

Vco with respect to AGND/DGND . . -0.4 V to +7.0 V 

V EE with respect to AGND/DGND . . +0.4 V to -7.0 V 

Vbat with respect to AGND/DGND . . . +0.4 V to -70 V 

Note: Rise time of Vbat (dv/dt) must be limited to 27 V/u.s or 
less when Qbat bypass = 0.33 u,F. 

BGND with respect to 

AGND/DGND +1 .0 V to -3.0 V 

AXfTIPX) or BX(RINGX) to BGND: 

Continuous -70 V to +1 .0 V 

10 ms (F = 0.1 Hz) -70 V to +5.0 V 

1us(F = 0.1Hz) -90 V to +10 V 

250ns(F = 0.1 Hz) -120 V to +15 V 

Current from AX(TIP) or BX(RING) ±150 mA 

Voltage on RINGOUT BGND to 70 V above Qbat 

Voltage on TESTOUT BGND to 70 V above CW 

Current through Relay Drivers 60 mA 

Voltage on Ring Trip Inputs 

(DA and DB) Vbat to V 

Current into Ring Trip Inputs ±10 mA 

Peak Current into Regulator 

Switch (L pin) 150 mA 

Switcher Transient Peak Off 

Voltage on L pin +1 .0 V 

C4-C1, E1, CHCLKto 

AGND/DGND -0.4 V to Vcc + 0.4 V 

Maximum Power Dissipation, Ta (see note) . . . 70°C 

In 28-pin ceramic DIP package 2.58 W 

In 28-pin plastic DIP package 1 .4 W 

In 32-pin PLCC package 1 .74 W 

Note: Thermal limiting circuitry on chip will shut down the 
circuit at a junction temperature of about 1 65°C. The 
device should never see this temperature and opera- 
tion above 145°C junction temperature may degrade 
device reliability. See SLIC Packaging Considerations 
section for more information. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may effect device 
reliability. 



I N A R Y 

OPERATING RANGES 

Commercial (C) Devices 

Ambient Temperature 0°C to +70°C 

Vcc 4.75 V to 5.25 V 

V EE -4.75 V to -5.25 V 

Vbat -40 V to -63 V 

AGND/DGND V 

BGND with respect to 

AGND/DGND -100 mV to +100 mV 

Load Resistance on Vtx to Ground .... 10 Kohm Min 

"-2" performance grade SLICs are functional from -40°C to 
+85°C. See the SLIC Extended Temperature Supplement for 
information on industrial temperature range (-40°C to +85°C) 
specifications. 

Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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ELECTRICAL CHARACTERISTICS over operating range 
,m79571/Am79573/Am79574 (see Note 1) 



1 



D 


escription 


Test Conditions 


Preliminary 


Unit 


P.G.* 


Min 


Typ 


Max 


t 


nalog (V™) Output Impedance (Note 5) 








3 




ohm 


( 


nalog (V ra ) Output Offset 




-1 


-35 
-30 




+35 
+30 


mV 


Analog (RSN) Input Impedance (Note 5) 


300 Hz to 3.4 kHz 






1 


20 


ohm 


Longitudinal Impedance at AX or BX 
(Note 5) 




35 


Overload Level 

Z2WIN = 600 to 900 ohms (Note 2) 


four-wire 




-3.1 




+3.1 


Vpk 


two-wire 


T 


ransmission Performance, two-wire impedance 


T 

( 
( 


wo-Wire Return Loss 
Bee Test Circuit D) 
Motes 5,11) 


300 Hz to 500 Hz 
500 Hz to 2500 Hz 
2500 Hz to 3400 Hz 




26 
26 
20 






dB 




ongitudinal Balance (two-wire and four-wire, see Test Circuit C) 


1 

L 


l= 600 ohms 

ongitudinal to Metallic L-T, L-4 


300 Hz to 3400 Hz 


-1 


48 
52 






dB 


L 
L 


ongitudinal to Metallic L-T and 

-4 for trimmed version (consult factory) 


200 Hz to 1000 Hz 
1000 Hz to 3400 Hz 
200 Hz to 3400 Hz 
(Reverse Polarity) 


-2" 


63 
58 

54 


70 
70 




L 


ongitudinal Signal Generation 4-L 


300 Hz to 800 Hz 
300 Hz to 800 Hz 


-1 


40 
42 






dB 


L 

F 


ongitudinal Current Capability 
er Wire (Note 5) 


Active State 






25 




mA 
RMS 


Disable State 






18 




1 


isertion Loss (two-wire to four-wire and four-wire to two-wire, see Test Circuits A and B) 


Gain Accuracy 


dBm, 1 kHz 


-1 


-0.15 
-0.1 




+0.15 
+0.1 


dB 


Variation with Frequency (Note 5) 


300 Hz to 3400 Hz 
Relative to 1 kHz 




-0.1 




+0.1 


dB 


Gain Tracking (Note 5) 


+7 dBm to -55 dBm 
Reference: dBm 




-0.1 




+0.1 


dB 


E 


lalance Return Signal (four-wire to four-wire, see Test Circuit B) 


C 


3ain Accuracy (Note 3) 


dBm, 1 kHz 


-1 


-0.15 
-0.1 




+0.15 
+0.1 


dB 


Variation with Frequency (Notes 3, 5) 


300 Hz to 3400 Hz 
Relative to 1 kHz 




-0.1 




+0.1 


dB 


Gain Tracking (Note 5) 


+3 dBm to -55 dBm 
Reference: dBm 




-0.1 




+0.1 


dB 


Group Delay (Notes 5, 13) 


F = 1 kHz 






5.3 




US 


Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B) 


Total Harmonic Distortion 


dBm, 300 Hz-3.4 kHz 
+9 dBm, 300 Hz-3.4 kHz 






-64 
-55 


-50 
-40 


dB 



*P.G. = Performance Grade 

"All other performance parameters equivalent to -1 grade. 
Normal Polarity only. 
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ELECTRICAL CHARACTERISTICS (continued) 



Description 


Test Conditions 


Preliminary 


Unit 


P.G. Min 


Typ 


Max 


Idle Channel Noise 


C-Message Weighted Noise 
(Notes 5, 7) 


two- wire 


-1 




+7 
+7 


+15 
+12 


dBrnC 


four-wire 


-1 




+7 
+7 


+15 
+12 


dBrnC 


Psophometric Weighted Noise 
(Note 7) 


two-wire 


-1 




-83 
-83 


-75 
-78 


dBmp 


four-wire 


-1 




-83 
-83 


-75 
-78 


dBmp 


Single Frequency Out-of-Band Noise (see Test Circuit E) 


Metallic 
(Notes 4, 5, 9) 
(Notes 4, 5) 


4 kHz to 9 kHz 






-76 




dBm 


9 kHz to 1 MHz 




-76 




256 kHz and harmonics 




-57 




Longitudinal 
(Notes 4, 5, 9) 
(Notes 4, 5) 


1 kHz to 15 kHz 






-70 




dBm 


Above 15 kHz 




-85 




256 kHz and harmonics 




-57 




Line Characteristics (see Figures 1a, 1b, 1c) Battery = -48 V, R L = 600 and 900 ohms, Rfeed = 800 ohms 


Apparent Battery Voltage 


Active Mode 




47 


50 


53 


V 


Loop Current Accuracy 


Active Mode 


-7.5 




+7.5 


% 


Loop Current — Tip Open 


Rl = 600 ohms 






1.0 


mA 


Loop Current — Open Circuit 


Rl= ohms 






1.0 


Loop Current Limit Accuracy (Note 1 0) 


Disable Mode 
Active Mode 




-20 




+20 


% 


Fault Current Limit, Ilum (Ux + U) 


AX and BX shorted 
to ground 








130 


mA 


Power Dissipation Battery = -48 V, Normal Polarity 


On-Hook Open Circuit 




-1 




35 
35 


120 
80 


mW 


On-Hook Disable Mode 




-1 




135 
135 


250 
200 


On-Hook Active Mode 




-1 




200 
200 


400 
300 


Off-Hook Disable Mode 


R L = 600 ohms 






500 


750 


Off-Hook Active Mode 


R L = 600 ohms 






650 


1000 


Supply Currents 


Vcc On-Hook Supply Current 


Open Circuit Mode 
Disable Mode 
Active Mode 






3.0 
6.0 
8.0 


4.5 
10.0 
13.0 


mA 


Vee On-Hook Supply Current 


Open Circuit Mode 
Disable Mode 
Active Mode 




1.0 
2.3 
3.0 


2.3 
3.7 
6.0 


mA 


Vbat On-Hook Supply Current 


Open Circuit Mode 
Disable Mode 
Active Mode 




0.4 
3.2 
4.5 


1.0 
5.5 
7.0 


mA 
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ELECTRICAL CHARACTERISTICS (continued) 









Preliminary 




Description 


Test Conditions 


P.G. 


Min Typ 


Max 


Unit 



Power Supply Rejection Ratio (Vripple = 50 mV RMS) 



V 




50 Hz to 3400 Hz 


-1 


25 
30 


45 
45 




dS 




lotes 6, 7) 


3.4 kHz to 50 kHz 




22 
25 


35 
40 




dB 


V 


EE 


50 Hz to 3400 Hz 




20 
25 


40 
40 




dB 


(» 


lotes 6, 7) 


3.4 kHz to 50 kHz 




10 
10 


25 
25 




dB 


V 


BAT 


50 Hz to 3400 Hz 




27 
30 


45 
45 




dB 




Jotes 6, 7) 


3.4 kHz to 50 kHz 




20 
25 


40 
40 




dB 


Off-Hook Detector 


Current Threshold Accuracy 


Ioet = 365/Rd Nominal 




-20 




+ 20 


% 



Ground-Key Resistance Threshold 


B(Ring) to GND 




2.0 


5.0 


10.0 


Kohm 




B(Ring) to GND 






9 




mA 






Midpoint to GND 






9 




R 


ng Trip Detector Input 


B 


as Current 






-5 


-0.05 




uA 


O 


ffset Voltage (Note 12) 


Source Resistance 
0to2 Mohm 




-50 





+50 


mV 


L< 


>gic Inputs (C, C 2 , C 3 , C 4 , Eo, E«, and CHCLK) 


In 


put High Voltage 






2.0 






V 


In 


put Low Voltage 








0.8 


V 


In 


put High Current 




-75 




40 


uA 


In 


put Low Current 




-0.4 






mA 


L< 


>gic Output (DET) 


Output Low Voltage 


lour = 0.8 mA 








0.4 


V 


O 


utput High Voltage 


lour = -0.1 mA 


2.4 






V 
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SWITCHING CHARACTERISTICS 
Am79571/Am79573/Am79574 



Parameter 


Test Conditions 


Min 


Typ 


Max 


Unit 


tgkde* 


Ei High to DETHigh (Eo = 1) 

F, Hinh tn HFT I nw fF„ — 1 } 


Ground-Key Detect Mode 
R L Open, R Connected 
(see Test Circuit H) 






3.8 
1.1 


US 


tshde* 


E, LowtoDETLow(Eo= 1) 
E, Low to DETHigh (E„= 1) 








1.2 
3.8 


US 


tshdd 


Eo High to DET Low (Ei = 0) 


Switch Hook Detect Mode 
Rl = 600 ohms, R G Open 
(see Test Circuit G) 






1.1 


us 


tshdO 


Eo Low to DETHigh (E, = 0) 






3.8 


tgkdd* 


Eo High to DET Low (E, = 1 ) 








1.1 


us 


tgkdO* 


Eo Low to DET High (E, = 1) 








3.8 



" This parameter is not applicable to the Am79573. E> is internally connected to a logical 0. 



Table 1.SLIC Decoding 





DET Output 












Eo=1* 


Eo=1* 


State 


C, 


c, 


c, 


Two-Wire Status 


Ei = 0" 


E, = 1" 














Open Circuit 


Ring Trip 


Ring Trip 


1 








1 


Ringing 


Ring Trip 


Ring Trip 


2 





1 





Active 


Loop Det. 


Ground Key 


3 





1 


1 


Disable 


Loop Det. 


Ground Key 


4 


1 








Tip Open 


Loop Det. 




5 


1 





1 


Reserved 


Loop Det. 




6 


1 


1 





Active Polarity Reversal 


Loop Det. 


Ground Key 


7 


1 


1 


1 


Disable Polarity Reversal 


Loop Det. 


Ground Key 



*A logic Low on Eo disables the DET output into the open-collector state. 
"For the Am79573, Ei is internally connected to a logical 0. 
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AMD 21 




"This waveform is not applicable to the Am 79573. Ei is internally connected to a logical 0. 
Note: All delays measured at 1 .4-V level. 
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Relay Driver Specifications 

Am79571 /Am79573/Am79574 



Am79573/Am79574 



BGND 




RINGOUT 




TESTOUT 



11701A-18 



Description 


Test Conditions 


Mln 


Typ 


Max 


Unit 


Relay Driver Outputs (RINGOUT, TESTOUT) 


On Voltage 


50 mA Source 


BGND -2 


BGND -0.95 




V 


Off Leakage 






0.5 


100 


uA 


Clamp Voltage 


50 mA Sink 


Qmt-2 






V 



Notes: 

1 . Unless otherwise noted, test conditions are; Battery — —48 V, Vcc — +5 V, Vee — —5 V, Rl = 600 ohms, Chp = 0.22 ^F, Rdci 
Rdc2 = 20K, Coc = 0.1 u.F, Rd = 51. 1K, no fuse resistors, two-wire AC output impedance, programming impedance 
(Zt) = 600K resistive, receive input summing impedance (Znx) = 300K resistive. (See Table 2 for component formulas.) 

2. Overload level is defined when THD = 1%. 

3. Balance return signal is the signal generated at V™ by Vrx. This spec assumes that the two-wire AC load impedance matches 
the impedance programmed by Z T . 

4. These tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 300 ohms for frequencies 
below 1 2 kHz and 1 35 ohms for frequencies greater than 1 2 kHz. These tests are extremely sensitive to circuit board layout. 

5. Not tested in production. This parameter is guaranteed by characterization or correlation to other tests. 

6. This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization. 

7. When the SLIC is in the Anti-sat 2 operating region, this parameter will be degraded. The exact degradation will depend 
on system design. The Anti-sat 2 region occurs at high loop resistances when |Vbat| - |Vax-VbxI is less than approximately 
14V. 

8. "Midpoint" is defined as the connection point between two 300-ohm series resistors connected between A(TIP) andB(RING). 

9. Fundamental and harmonics from 256-kHz switch-regulator chopper are not included. 
1 0. Loop-current limit is calculated using the following equations: 



In Disable Mode: 



In Active Mode: l u 



: 0.5 ■ 



:0.8 



Rfeed 



1 1 . Assumes the following Zt network: 



Vtx WV- 

300K 



x 

30 pF 



■AAAr 

300K 



RSN 



12. Tested with ohms source impedance. Two Mohms is specified for system design purposes only. 

13. Group delay can be considerably reduced by using a Z T network such as that shown in Note 1 1 above. The network will 
reduce the group delay to less than 2 \xs. The effect of group delay on linecard performance may be compensated for by using 
SLAC or DSLAC devices. 
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Table 2. User-Programmable Components 



Z T = 1000(Z 2w ,r.-2R F ) 



Z T is connected between the Vtx and RSN pins. The fuse re- 
sistors are R F , and Zmm is the desired two-wire AC input im- 
pedance. When computing Z T , the internal current amplifier 
pole and any external stray capacitance between Vtx and 
RSN must be taken into account. 



ZflX = 



Zl 



1000Zt 



G42L Zt+ 1000(Z l + 2Rf) 



Zrx is connected from Vrx to the RSN pin and Z T is defined 
above and G42L is the desired receive gain. 



Rdci + Rdc2 = 50(Rfeed — 2Rf) 

CdC = (1 .5 ITIS)(RdC1 + RdC2)/(RdOiRd02) 



Rdci, Rdc2, and Cdc form the network connected to the Rdc 
pin. Rdci and Rdc2 are approximately equal. 



Rd = 365/It, Cd = 0.5 ms/Ro 



Rd and Cd form the network connected from Roto -5 V, and It 
is the threshold current between on-hook and off-hook. 



V MT = ^7.3 V 

RdC1 + RdC2 = Rdc — 40K 



50 



Vax-Vbx 

Volts 



Anti-s 












at 2 


Anti-sat 1 














Constan 


t Resistar 


ce Feed 



























II (mA) 



60 



Constant resistance region: Vax-bx = 50 - 



50 



Anti-sat 1 region: Vax-bx = 42.72 - 



76.66 



See Figure 1c. 



Anti-sat 2 region: Vax-bx = I VbatI - 1 1 .86 -( 01 + Rdc ) | L 

^ 836 ' 



11701B-009 



Figure 1a. Load Line (Typical) 
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Load Current versus Load Resistance — Am79571 /Am79573/Am79574 

Vbat = -47.3 V 

Roc = 40K 
See Figure 1c. 



11701B-010 



Figure 1 b. Feed Characteristics (Typical) 



AX 



Rl 



SLIC 



RSN 



BX 




Feed resistance programmed by Rdci and Rdc2. 



11701B-011 



Figure 1c. Feed Programming 
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TEST CIRCUITS 



E fv) Va, 



AX Vt; 

(TIPX) 



SLIC 

AGND 



BX 
(RINGX) 



RSN 





AX 

(TIPX) Vtx 
SLIC 














AB * 




AGND 




: rt 






(RINGX) RSN 




Rrx 







IL2-4 = -20log(V-n</VAB) 



lu-2 =-20 log (Vab/V„x) 
BRS = 20 log (Vtx/Vrx) 



Vr X ry) 



A. Two-to-Four Wire Insertion Loss 



B. Four-to-Two Wire Insertion Loss and Balance Return Signal 




S2 Open, S1 Closed: 
L-T Long. Bal. = 20 log (Vab/E) 
L-4 Long. Rej. = 20 log (Vtx/E) 

S2 Closed, S1 Open: 
4-L Long. Sig. Gen. = 20 log (Vl/Vrx) 



C. Longitudinal Balance 



2.0. The desired impedance (e.g., the character- 
istic impedance of the line). 

Return Loss = -20 log (2 V M /V S ) 



D. Two-Wire Return Loss Test Circuit 



15772A-017a 
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TEST CIRCUITS (continued) 



i— AAA. )h 



56 ohms 



68 ohms 



IDC 



68 ohms 
1— -W\r )\- 



AX(TIPX) 



SLIC 



BX(RINGX) 



1/toC « 90 ohms 

E. Single-Frequency Noise 

Vcc 



Rl = 600 ohms 




15pF 



S„ > 



Rl 

-AAA/— A(TIP) 



Rl 



-AAA/ — B(RING) 
Re 



Current Feed or Ground Key 
F. Ground-Key Detection 



Rg = 2K ^ 



G. Loop Detector Switching 



H. Ground-Key Switching 15772A-Ol7b 
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Subscriber Line Interface Circuit (SLIC) 



Advanced 
Micro 
Devices 



D STINCTIVE CHARACTERISTICS 

Meets LSSGR DC feed requirements 

Programmable constant resistance feed 
Receive Current gain = 200 
Programmable loop detect threshold 
Ground-key detector 
Low standby power 



Performs polarity reversal 

Tip open state for ground start lines 

On-chip switching regulator for low-power 
dissipation 

Two-wire impedance set by single external 
impedance 

Test relay driver (PLCC only) 



BLOCK DIAGRAM 



AX(TIPX) O 



HPA 



HPB 



BX(RINGX) 6- 



DA O- 
DB O- 

L 9 

Vbat $ 

BGND 



Two-Wire 
Interface 



I Test Relay Driver -O TESTOUT 

i 



Ring Relay Driver 



Ground-Key 
Detector 



I 



Signal 
Transmission 



Off-Hook Detector 



Power Feed 
Controller 



Ring Trip 
Detector 



Input Decoder 
and Control 



Switching 
Regulator 



-X-.-X. 



CHS Q BAT CHCLK 



AGND/DGND 



-<> RINGOUT 



-6 



C1 
C2 
C3 
C4 
EO 
E1 
DET 

RSN 



-O Rd 

-O Rdc 



-O Cas 



15772A-001 



This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 



15772 F 
June 1992 
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SYSTEM BLOCK DIAGRAM 



Am7958 



DSLAC IC or codec/Fitter 



TIP ■ 



RING 



Ring Trip 



"N 
J 



Ring Feed 
Network 



Ring and 
Test Relays 



7T 



Ring and Test 
Relay Drive 



AX 



BX 



RSN 




Programming 
Network 



c 



Monitor and Control 



Analog 




RXOut 






PCM 




I/O 


Analog 




TXIn 





^ PCM Data ^ > 



Two-Wire 



Four-Wire 
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ORDERING INFORMATION 
Standard Products 

AMD® standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 



AM7958 



I 



TEMPERATURE RANGE 

C* = Commercial (0°C to 70°C) 



PACKAGE TYPE 

J = 32-pin Plastic Leaded Chip Carrier (PL 032) 
P = 28-pin Plastic DIP (PD 028) 
D = 28-pin Ceramic DIP (CD 028) 



1 PERFORMANCE GRADE 

Blank = Standard Specification 
-1 = Performance Grading 
-2 = Performance Grading 

DEVICE NUMBER/DESCRIPTION 

Am7958 

Subscriber Line Interface Circuit 



Valid Combinations 


AM7958 


DC, JC, PC 


-1DC, -1JC, -1PC 


-2DC, -2JC, -2PC 



Valid Combinations lists configurations planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD standard military grade products. 



*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC 
Extended Temperature Supplement for information on industrial temperature range (-40°C to +85°C) specifications. 
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32-Pin Plastic Leaded Chip Carrier (PL 032) 



x 

CD X 

Q — — 

a z £ t 

S CD X ■ 



5 

o 

CD 

Z 8 ir CD XX 

cc > > m m < q 



28-Pin Plastic DIP (PD 028) 
or 

28-Pin Ceramic DIP (CD 028) 







n n n n n n n 










f 


* m N "j a s s 


"\ 








5 




29 


□ TP 


testoutC 


6 




28 


□ 


DA 


lC 


7 




27 


□ 


Rp 


VbatC 


8 




26 


□ 


HPB 


QbatC 


9 




25 


□ 


HPA 


chsE 


10 




24 


□ 


Vtx 


CHCLKd 


11 




23 


□ 


Vee 




12 




22 




RSN 


E1C 


13 


LO CO h- 00 CJ> O 


21 
J 


□ 


AGND/DGND 



BGND □ 
Vreg C 
Voc C 
RINGOUT □ 



U U U U □ □ U 

I JD 8 8 5 | £ 



Vbat C 
Qbat C 

CHS C 
CHCLK C 



E1 C 10 

E0 □ 11 

DETC 12 

C2 □ 13 

C3 □ 14 



1 • 

2 
3 
4 



23 
22 
21 
20 
19 
18 
17 
16 
15 



28 □ BX(RINGX) 
27 □ AX(TIPX) 
26 □ DB 
25 □ DA 
24 □ Rd 

□ HPB 

□ HPA 

□ Vtx 

□ V EE 

□ RSN 
AGND/DGND 



□ 

□ Roc 

□ Cas 

□ C1 



Notes: 1 . Pin 1 is marked for orientation. 

2. TP is a thermal conduction pin tied to substrate (Qbat). 
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PIN DESCRIPTION 

AGND/DGND 
Ground — (see Note 1) 

Analog and Digital ground. 

AX(TIPX) 
(Output) 

Output of A(TIP) power amplifier. 

BGND 
Ground 

Battery (power) ground. 

BX(RINGX) 
(Output) 

Output of B(RING) power amplifier. 

C3-C1 Decoder 
(Inputs) 

. compatible. C3 is MSB and C1 is LSB. 
CHCLK 

Chopper Clock (Input) 

Input to switching regulator (TTL compatible). Fre- 
quency = 250-282 kHz. 

CHS 

Chopper Stabilization (Input) 

Connection for external chopper stabilizing compo- 
nents. 



DAI 

Ring Trip Negative (Input) 

Negative input to ring trip comparator. 
DB 

Ring Trip Positive (Input) 

Positive input to ring trip comparator. 

deT 

Switch Hook Detector (Output) 

When enabled, a logic Low indicates that the selected 
detector is tripped. The detector is selected by the logic 
inputs (C3-C1, E0, E1). The output is open-collector 
with a built-in 15K pull-up resistor. 

E0 

Read Enable (Input) 

A logic High enables DET. A logic Low disables DET. 
E1 

Ground-Key Enable (Input) 

When E0 i s Hig h, E1 = High connects the ground-key 
detector to DET, an d E1 = Low connects the off-hook or 
ring trip detector to DET. 



HPA 

A(TIP) side of high-pass filter capacitor. 
HPB 

B(RING) side of high-pass filter capacitor. 



Switching Regulator Power Transistor (Output) 

Connection point for filter inductor and anode of catch 
diode. This pin will have up to 50 V of pulse waveform on 
it and must be isolated from sensitive circuits. Extreme 
care must be taken to keep the diode connections short 
because of the high currents and high di/dt. 

Qbat 

Quiet Battery 

Filtered battery supply for the signal processing circuits. 

Rd 

Threshold modification and filter point for the off-hook 
detector. 



Connection point for the DC feed current programming 
network. The other end of the network connects to 
the Receiver Summing Node (RSN). The sign of Vhdc 
is minus for normal polarity and plus for reverse polarity. 

RINGOUT 

Ring Relay Driver (Output) 

Open collector driver with emitter internally connected 
to BGND. 

TESTOUT 

Test Relay Driver (Output) 

Open collector driver with emitter internally connected 
to BGND. 

C4 

Test Relay Driver Command (Input) 

TTL compatible. A logic Low enables the driver. 
RSN 

Receive Summing Node (Input) 

The metallic current (both AC and DC) between A(TIP) 
and B(RING) is equal to 200 times the current into this 
pin . The networks which program receive gain, two-wire 
impedance, and feed resistanceall connectto this node. 

Vbat 

Battery supply. 

Vcc 

+5-V power supply. 
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V EE 

-5-V power supply. 



V R6 G 

Regulated Voltage (Input) 



C« 

Reference Filter Capacitor 

A capacitor should be connected to this pin to filter 
internal anti-saturation reference voltage. 



Provides negative power supply for power amplifiers. 
Connection point for inductor, filter capacitor, and 
chopper stabilization. 



Note 1 : Analog and digital ground are connected internally 



to a single pin. 



V, 



Transmit Audio (Output) 

This output is a unity gain version of the AX(TIPX) and 
BX(RINGX) metallic voltage. The other end of the two- 
wire input impedance programming network connects 
here. 
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OPERATING RANGES 

Commercial (C) Devices 

Ambient Temperature 0°C to +70°C 

Vcc 4.75 V to 5.25 V 

Vee -4.75 V to -5.25 V 

V M t -40 V to -63 V 

AGND/DGND V 

BGND with respect to 

AGND/DGND -100 mV to +100 mV 

Load Resistance on V™ to Ground .... 10 Kohm Min 

"-2" performance grade SLICs are functional from -40°C to 
+85°C. See the SLIC Extended Temperature Supplement for 
information on industrial temperature range (-40°C to +85°C) 
specifications. 

Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 



ABSOLUTE MAXIMUM RATINGS 

Storage Temperature -55°C to +150°C 

Voo with respect to AGND/DGND . . -0.4 V to +7.0 V 

Vee with respect to AGND/DGND . . +0.4 V to -7.0 V 

V MT with respect to AGND/DGND . . . +0.4 V to -70 V 

Note: Rise time of Vbat (dv/dt) must be limited to 27 V/us or 
less when CW bypass = 0.33 u.F. 

BGND with respect to 

AGND/DGND +1 .0 V to -3.0 V 

AXITIPX) or BX(RINGX) to BGND: 

Continuous -70 V to +1 .0 V 

10 ms (F = 0.1 Hz) -70 V to +5.0 V 

1us(F = 0.1Hz) -90 V to +10 V 

250ns(F = 0.1 Hz) -120 V to +15 V 

Current from AX(TIP) or BX(RING) ±150 mA 

Voltage on RINGOUT BGND to 70 V above CW 

Voltage on TESTOUT .... BGND to 70 V above CW 

Current through Relay Drivers 60 mA 

Voltage on Ring Trip Inputs 

(DA and DB) Vbat to V 

Current into Ring Trip Inputs ±1 mA 

Peak Current into Regulator 

Switch (L pin) 150 mA 

Switcher Transient Peak Off 

Voltage on L pin +1 .0 V 

C4-C1,E1,CHCLKto 

AGND/DGND -0.4 V to Vcc + 0.4 V 

Maximum Power Dissipation, T A (see note) . . . 70°C 

n 28-pin ceramic DIP package 2.58 W 

In 28-pin plastic DIP package 1 .4 W 

In 32-pin PLCC package 1 .74 W 

Note: Thermal limiting circuitry on chip will shut down the 
circuit at a junction temperature of about 165°C. The 
device should never see this temperature and opera- 
tion above 145°C junction temperature may degrade 
device reliability. See SLIC Packaging Considerations 
section for more information. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may effect device 
reliability. 
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ELECTRICAL CHARACTERISTICS (see Note 1) 



Description 


Test Conditions 


Preliminary 


Unit 


Notes 


P.G.* 


Min 


Typ 


Max 


Analog (Vtx) Output Impedance 




5 






3 




ohm 


Analog (Vtx) Output Offset 






-1 

-2 


-35 
-35 
-30 




+35 
+35 
+30 


mV 


Analog (RSN) Input Impedance 


300 Hz to 3.4 kHz 


5 






1 


20 


ohm 


Longitudinal Impedance at AX or BX 




5 






25 


35 


ohm 


Overload Level 


four-wire 


2 




-2.5 




+2.5 


Vpk 


two- wire 


Transmission Performance, two-wire impedance (see Test Circuit D) 


Two-Wire Return Loss 300 Hz to 3400 Hz 


5, 10 


26 | dB 


Longitudinal Balance (two-wire and four-wire, see Test Circuit C); R L = 740 ohms 


Longitudinal to Metallic L-T, L-4 


200 Hz to 1 kHz 
Normal Polarity 




-1 
-2 


54 
63 
63 






dB 


200 Hz to 1 kHz 
Reverse Polarity 






54 






dB 


1 kHz to 3.4 kHz 
Normal Polarity 




-1 
-2 


54 
58 
58 






dB 


1 kHz to 3.4 kHz 






54 






dB 


Longitudinal Signal Generation 4-L 


300 Hz to 800 Hz 




-1 
-2 


40 
40 
42 






dB 


Longitudinal Current Capability 
per Wire 


Active State 








28 




mA 


Disable State 








18 




RMS 


Insertion Loss (two-wire to four-wire and four-wire to two-wire, see Test Circuits A and B) 


Gain Accuracy 


dBm, 1 kHz 




-1 

-2 


-0.15 
-0.15 
-0.10 




+0.15 
+0.15 
+0.10 


dB 


Variation with Frequency 


300 Hz to 3400 Hz 
Relative to 1 kHz 


5 




-0.10 




+0.10 


dB 


Gain Tracking 


+7 dBm to -55 dBm 
Reference: dBm 


5 




-0.10 




+0.10 


dB 



*P.G. = Performance Grade 
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ELECTRICAL CHARACTERISTICS (continued) 



De 


scription 




Preliminary 


Unit 


Test Conditions 


Notes 


P.G.* 


Min Typ Max 


Ba 


lance Return Signal (four-wire to four-wire, see Test Circuit B) 


Ga 


in Accuracy 


dBm, 1 kHz 




-1 
-2 


-0.15 
-0.15 
-0.10 




+0.15 
+0.15 
+0.10 


dB 


Va 


riation with Frequency 


300 Hz to 3400 Hz 
Relative to 1 kHz 


3, 5 




-0.10 




+0.10 


dB 


Ga 


in Tracking 


+3 dBm to -55 dBm 
Reference: dBm 


5 




-0.10 




+0.10 


dB 


Gr 


sup Delay 


f = 1 kHz 


5, 12 






8 




lis 


To 


tal Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B) 


Dis 
30 


stortion Level 
Hz to 3400 Hz 


dBm 
+7.15 dBm 








-64 
-55 


-50 
-40 


dB 


Idle Channel Noise 


C- 


Message Weighted Noise 


two-wire 


5 






+7 


+10 


dBrnC 


four-wire 






+7 


+10 


Si 


igle Frequency Out-of-Band Noise (see Test Circuit E) 


Me 


■tallic 


4 kHz to 9 kHz 


4, 5, 8 






-76 




dBm 


9 kHz to 1 MHz 


4, 5, 8 






-76 




256 kHz and harmonics 


4, 5 






-64 




Lo 


ngitudinal 


1 kHz to 15 kHz 


5 






-70 




dBm 


Above 1 5 kHz 


4, 5 






-85 




256 kHz and harmonics 


4, 5 






-57 




D. 
(St 


2. Feed Characteristics Without Fuse Resistors 
se Figures 1a, 1b, 1c), Battery = -48 V 


Ap 
Ac 


parent Battery, 
ive Mode 


Rl=600 and 900 ohm 






47 


50 


53 


V 


Lo 
Ac 


op Current Accuracy, 
tive Mode 


Rl=600 and 900 ohm 






-7.5 




+7.5 


% 


Lc 
At 


op Current, 
•tive Mode 


Rl= 2000 ohm 






20 






mA 


L 


3op Current, 

Tip open 
Tip open 


Rl= 600 ohm 
Rl= 










1.0 
1.0 


mA 


L 
A 
D 


sop Current Limit 
;curacy-Active and 
sable Mode 


Rl=0 


9 




-20 




+20 


% 


III 


IM (lap + Iring) 


Tip and Ring shorted 
to ground, normal 
polarity 








95 


115 


mA 


Pc 


wer Dissipation Battery; Battery = -48 V; Normal Loop Polarity Rfuse = 2x50 ohm 


On-Hook Open Circuit 










35 


100 


mW 


On-Hook Disable Mode 










135 


225 


On-Hook Active Mode 










180 


300 


Off-Hook Disable Mode 
Rl = 50 ohms 










450 


700 


Off-Hook Active Mode 
Rl = 50 ohms 










975 


1150 
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ELECTRICAL CHARACTERISTICS (continued) 



Description 


Test Conditions 


Preliminary 


Unit 


Notes P.G.* | Min | Typ Max 


Supply Currents 


Vcc On-Hook Supply Current 


Open Circuit Mode 








3.0 


4.5 


mA 


Disable Mode 








6.0 


10.0 


Active Mode 








7.5 


12.0 


Vee On-Hook Supply Current 


Open Circuit Mode 








1.0 


2.3 


Disable Mode 








2.2 


3.5 


Active Mode 








2.7 


6.0 


Vbat On-Hook Supply Current 


Open Circuit Mode 








0.4 


1.0 


Disable Mode 








3.0 


5.0 


Active Mode 








4.0 


6.0 


Power Supply Rejection Ratio (Vripple = 50 mV RMS) 


Vcc 


50 Hz to 3400 Hz 


6 




25 


45 




dB 


3.4 kHz to 50 kHz 


6 




22 


35 




Vee 


50 Hz to 3400 Hz 


6 




20 


40 




3.4 kHz to 50 kHz 


6 




10 


25 




Vbat 


50 Hz to 3400 Hz 


6 




27 


45 




3.4 kHz to 50 kHz 


6 




20 


40 




Effective Internal Resistance 


Cas pm to GND 


5 




85 


170 


255 


Kohm 


Off-Hook Detector 

Current Threshold Idet = 365/R | -20 +20 | % 



Ground-Key Detector Thresholds, Active Mode, Battery = -48 V 



Ground-Key 
Resistance Threshold 


B(Ring) to GND 






2.0 


5.0 


12.0 


Kohm 


Ground-Key Current 


B(Ring) to GND 








9 




mA 


Threshold 


Midpoint to GND 


7 






9 




Ring Trip Detector Input 


Bias Current 








-5 


-0.05 




uA 


Offset Voltage 


Source Resistance = to 2 Mohm 


11 




-50 





+50 


mV 


Logic Inputs (CI, C2, C3, C4, E0, E1, and CHCLK) 


Input High Voltage 








2.0 






V 


Input Low Voltage 












0.8 


V 


Input High Current 








-75 




40 


uA 


Input Low Current 








-0.4 






mA 


Logic Output (DET) 


Output Low Voltage 


lour = 0.8 mA 










0.4 


V 


Output High Voltage 


lour = -0.1 mA 






2.4 






V 
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SWITCHING CHARACTERISTICS 



Parameter 



Test Conditions 



Min 



Typ 



Max 



Unit 



E1 High to DET High 
E1 High to DET Low 



Ground-Key Detect Mode 
EO = (see Test Circuit H) 



3.8 
1.1 



US 



tshde 



E1 Low to DET Low 
E1 Low to DET High 



Switch Hook Detect Mode 
EO = 1 (see Test Circuit G) 



1.2 
3.8 



US 



tshdd EO High to DET Low 

tshdO EO Low to DET High 



Switch Hook Detect Mode 
E1 = (see Test Circuit G) 



1.1 
3.8 



US 



EO High to DET Low 
EO Low to DET High 



Switch Hook Detect Mode 
E1 = 1 (see Test Circuit G) 



1.1 
3.8 



us 



Table 1 . SLIC Decoding 







DET Output 




State 


C3 C2 C1 


Two-Wire Status 


E0 = 1*, E1 =0 


E0 = 1*, E1 = 1 








Open Circuit 


Ring Trip 


Ring Trip 


1 


1 


Ringing 


Ring Trip 


Ring Trip 




2 


1 


Active 


Loop Det. 


Ground Key 




3 


1 1 


Disable 


Loop Det. 


Ground Key 




4 


1 


Tip Open 


Loop Det. 




5 


1 1 


Reserved 


Loop Det. 




6 


1 1 


Active Polarity Reversal 


Loop Det. 


Ground Key 




7 


1 1 1 


Disable Polarity Reversal 


Loop Det. 


Ground Key 



A ogic Low on EO disables the DET output into the open-collector state. 

SWITCHING WAVEFORMS 

E1 to DET 

E1 
DET 




tgkde 



tshde 



tgkde 



tshde 



15772A-012 



EO to DET 
E1 

EO 
DET 











tgkde 



tshde 



"Is. 



tgkde 



tshde 



15772A-013 
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RELAY DRIVER SPECIFICATIONS 



V 

BGND 



RINGOUT 



V 

BGND 



TESTOUT 









Preliminary 




Description 


Test Conditions 


Note 


Min 


Typ 


Max 


Unit 


Relay Driver Outputs (RINGOUT, TESTOUT) 


On Voltage 


25 mA Sink 








+1.5 


V 


Off Leakage 


Vdff= +15V 








100 





Relay Driver Characteristics (Typical) 



2 



ON Voltage at 
RINGOUT or 1 
TESTOUT (V) 













Ta = 70°C 












Ta = 25 C 



























30 60 

Current into RINGOUT or TESTOUT (mA) 
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Notes: 

It Unless otherwise noted, test conditions are: Battery = -48 V battery applied to Vbat pin through a surge protection diode, 
Vco = +5 V, Vee = -5 V, R L = 900 ohms, C H p = 0.33 uF, Rdci = Roc 2 = 2K, C D c = 1 .0 uF, R„ = 51 .1 K, Cas = 0.47 uF, no fuse 
resistors. RT=180K, Rrx = 90V. 



2 Overload level is defined when THD = 1%. 



3 



Balance return signal is the signal generated at Vtx by Vrx. This spec assumes the two-wire AC load impedance matches the 
programmed impedance. 

These tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 300 ohms for frequencies 
below 12 kHz and 135 ohms for frequencies greater than 12 kHz. These tests are extremely sensitive to circuit board layout. 
Please refer to application notes for details. 
5. Not tested in production. This parameter is guaranteed by characterization or correlation to other tests. 

This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization. 
"Midpoint" is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and B(RING). 

8. Fundamental and harmonics from switch regulator chopper are not included. 

9. Loop current limit is calculated using the following equations: 
In Disable Mode: Iumit = 90/(Rpci + Rdc2) 

In Active Mode: I LIMIT = 230/(RdC1 + RdC2) 

10. Assumes the following Z T network: v™ — WV 1 WV RSN 

90K i 90K 



120 pF 

. Tested with ohms source impedance. Two Mohms is specified for system design purposes only. 

12. Group delay can be considerably reduced by using a Z T network such as that shown in Note 1 above. The network will 
reduce the group delay to less than 2 us. The effect of group delay on linecard performance may be compensated for by using 
the SLAC or DSLAC devices. 



Table 2. User-Programmable Components 





Zt = 200(Z2win-2Rf) 


Z t is connected between the Vtx and RSN pins.The fuse re- 
sistors are R F , and Z 2W in is the desired two-wire AC input im- 
pedance. When computing Z T , the internal current amplifier 
pole and any external stray capacitance between Vtx and 
RSN must be taken into account. 




Zl 200Zt 

Zrx = 

G42L Zt + 200(Zl + 2R F ) 


Zbx is connected from Vrx to the RSN, Z T is defined above, 
and G42L is the desired receive gain. 


RoCl + RDC2 = 1 0(RfEED — 2Rf) 

Cdc= (1.0 ms)(R D ci + RDC2)/(RDClRDC2) 


Rdci, Rdo2, and Cocformthenetworkconnectedtothe R DO pin. 
Rdci and R D0 2 are approximately equal. Iloop is the desired 
loop current in the constant current region. 


Ro = 365/It, Cd = 0.5 ms/Ro 


Ro and C D form the network connected f rom Rd to -5 V, and l T 
is the threshold current between on-hook and off-hook. 




3.4- 10 5 nf c 


Ccas is the regulator filter capacitor, and f c is the desired filter 
cut-off frequency. 




Rfuse 


20 ohm-50 ohm user selectable 
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Roci + Rdc2 = Rdc= 4K (see Figure 1c) 
RF* = RF B = 50 ohms 




30 60 

Resistance Feed Region: Vab = 50 - (^=p + R„ + R re ) l L II ( mA > 

Anti-sat Region: Vab = 0.92| Vbat| - 0.36 - (^^+ R FA + R re ) I 

Figure 1a. Vab versus L (Typical) 



60 



l L (mA) 30 





















































































































































































Jattery 


= -48 














3attery 


= -42 


75 V 


^— E 


\l 



















































































3000 6000 

Rl (ohms) 



Figure 1b. L versus Rl 
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AX 










RSN 




SLIC 




BX 








Rdc 




^t* Cdi 



Feed Resistance programmed by Root and R„c2. 



15772A-016 



Figure 1c. Feed Programming 
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_Rl_ 

2 



Rl 

2 



AX Vt, 
(TIPX) 



SLIC 

AGND 



BX 
(RINGX) 



RSN 



Ium = -20 log (WW 



^AAr-| 





AX 










(TIPX) Vtx 
SLIC 






AB * 


I Rl 


AGND 




: rt 






(RINGX) RSN 




Rrx 







BRS = 



A. Two-to-Four Wire Insertion Loss 



B. Four-to-Two Wire Insertion Loss and Balance Return Signal 




S2 Open, S1 Closed: 
L-T Long. Bal. = 20 log (WE) 
L-4 Long. Rej. = 20 log (WE) 

S2 Closed, S1 Open: 

4-L Long. Sig. Gen. = 20 log (V L /V nx ) 



Zo: The desired impedance (e.g., the character- 
istic impedance of the line). 

Return Loss = -20 log (2 V M /Vs) 



C. Longitudinal Balance 



D. Two-Wire Return Loss Test Circuit 



15772A-017a 
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TEST CIRCUITS (continued) 



56 ohms 



C 

-wv )h 

68 ohms 



IDC 



68 ohms 



AX(TIPX) 



SLIC 



BX(RINGX) 



1/cdC « 90 ohms 

E. Single-Frequency Noise 



Rl= 600 ohms 




15pF 



G. Loop Detector Switching 



AMD 



S M > 



Rl 

-^WV— A(TIP) 



Rl 

-Wr- B(RING) 



Current Feed or Ground Key 
F. Ground-Key Detection 



Ra = 2K < 



H. Ground-Key Switching 15772A-Ql7b 
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CENTRAL OFFICE SLICs 
Application Notes 

The AMD SLIC Family offers a high degree of versatility 
for applications in many types of Central Office and PBX 
line circuits. In this section, typical single-channel and 
multiple-channel applications are described. 

Figure 1 shows a detailed schematic of a basic single- 
line system using one SLIC and one-half of an 
Am79C02 DSLAC IC. 

In the receive path, the DSLAC IC processes digital 
PCM voice data into analog signals and inputs them to 
the SLIC RSN pin through resistor Rrx. In the transmit 
path, the analog output at the SLIC V™ pin is processed 
by the DSLAC IC and output in serial-digital format to 
the PCM interface. Rrx sets the receive gain, and R T is 
used to synthesize the AC two-wire output impedance. 
Both R T and R RX can be complex, to achieve optimized 
parameters over the voice band. 

In the control path, wh en th e line goes off-hook, the 
SLIC pulls its collector DET output down and enables 
the DSLAC IC serial control data I/O pins, D, N and Dour 
(see Figure 1). The microprocessor also recognizes the 
off-hook, and typically will send a response such as an 
active state or ring relay release command back to the 
SLIC, via the DSLAC IC D 1N pin and the C3-C1 data bus. 



AMD 



The C4 line is also addressed in the same manner, to 
enable or disable the test relay driver. The Eo and E1 
pins are addressed directly by the microprocessor as 
shown. 

SLIC monitor and control functions which can be per- 
formed using a microprocessor and the circuitry shown 
in Figure 1 include: 

• During the disable state, inform the processor when 
an off-hook has occurred and send a power up 
command to the SLIC. 

• Detect an off-hook during ringing and send a 
command to the SLIC to release the ring relay. 

• Detect an on-hook condition during the active state 
and send a command to the SLIC to enter the disable 
state. 

• Send a line polarity reverse command to the SLIC. 

• Command the SLIC into the ground-key sense mode. 

• Command the SLIC to energize the ring relay, K B . 

• Command the SLIC to energize the test relay, K T . 
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Ringer 

Threshold see "Hinging 
Circuit' section 



Low Voltage 



Vee 
U1 Vcc 
Am7958/ 
Am7953X/57X 
DB SLIC Rp 



AGND/ 
DGND 




+5 V 



Battery 
Ground 

A, 

Analog 
Ground 
I 



Digital 
Ground 



I Rd t Cd 



-5 V 
J- 



CsN* p 

J — W\ — I 



■AAA. — 

RsN* 



RdCI 

-AAA/— 



Rrx 



RDC2 



Cas 



Vee, 

VcCA1 



MCLK 



PCLK 

Vmi FS 
AGND1 

Vouti 

U2 

1/2 Am79C02 
DSLAC Device 



DGND 

C3i 
C2, 

C1i 

C4, 

CST 

CHCLK 

DCLK 



DXA 
TSCA 

DXB 
TSCB 
DRA 

DRB 
Din 

Dout 



dOOOOd 



Microprocessor 
Interface 



2.048-MHz 
Clock 



PCM 
Interface 



*Am7958 only. Replace with short circuit for Am7953X/57X. 



15772B-018 



Figure 1. Single Channel of a Dual Channel Subscriber Line Circuit 
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Table 1. Parts List- 



■ 1/2 of a Dual Channel Subscriber Line System 
(see Figure 1 for Circuit) 



U1 

U2 

Kn Kt 
L 
D, 

U 3 

Dg, d 2 , d 3 
RFi, RF 2 
R 2 
RBi 
Rs 

R4 

RcH 

Rd 

Rdci, R D c2(Am7958) 

Rdci, Rdc 2 (Am7953X) 

Rdci, Rdc2 (Am7957X) 

Rr(Am7958) 

Rt (Am7953X/57X) 

Rs N (Am7958) 

Rrx 

Rrx (Am7953X/57X) 

CsN(Am7958) 

Cot 

Cdc (Am7953X/57X) 

Coc(Am7958) 

Chp 

Cas 

Cax, Cbx 
Cfil 
Cbat 
Co 

CcH1 
CcH2 

Co 



No 



e:The parts marked by an 



Am7958 SLIC 
Am79C02 DSLAC Device 
Relay, 2C contacts, 1500-V rating 
Inductor, 1 mH, 5% 
Diode, 100 V, 100 mA, 4 ns 

Dual transient suppressor, Texas Instruments TISP1082 
Diode 100 V, 100 mA, 10 ns 
Resistor, fuse, 50 *ohms 

Resistor, 800 ohms, 3%, 3 W (Ring Feed Resistor)* 
Resistor, 1 meg, 1%, 1/4 W 
Resistor, 8.25 K, 1%, 1/4 W 
Resistor, 452 K, 1 %, 1/4W 
Resistor, 1.3K, 1%, 1/4 W** 

Resistor, 51. 1K, 1%, 1/4 W (sets off-hook threshold)* 
Resistor, 2K, 1%, 1/4 W (sets loop current)* 
Resistor, 31 .25K, 1%, 1/4 W* 
Resistor, 20K, 1%, 1/4 W* 

Resistor, 160K, 1%, 1/4 W (sets two-wire impedance)* 
Resistor, 560K, 1%, 1/4 W* 

Resistor, 300K, 1%, 1/4 W (sets two-wire impedance)* 

Resistor, 1 15K, 1%, 1/4 W (sets receive gain)* 

Resistor, 560K, 1%, 1/4 W 

Capacitor, 39 nF, 10%, 10 V 

Capacitor, 0.047 uF, 20%, 100 V 

Capacitor 0.15 uF, 10%, 10 V 

Capacitor 1 .0 uF, 20%, 10 V 

Capacitor, 0.33 uF, 20%, 100 V 

Capacitor, 0.15 uF, 20%, 100 V 

Capacitor, 2200 pF, 20%, 100 V 

Capacitor, 0.15 u.F, 10%, 100 V, Metallized Polyester 

Capacitor, 0.47 uF, 20%, 100 V 

Capacitor, 0.33 uF, 20%, 100 V 

Capacitor, 0.015 uF, 10%, 50 V, X7R ceramic 

Capacitor, 560 pF, 1 0%, 100 V, X7R ceramic 

Capacitor, 0.01 uF, 20%, 1 V (sets off-hook filtering)* 

asterisk (*) are user-programmable. The values shown can be altered to suit the application. 
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CENTRAL OFFICE METERING 
SLIC PRODUCTS 

General Description 

AMD's Central Office Metering SLIC (Subscriber Line 
Interface Circuit) products perform the telephone line in- 
terface functions required by most types of telephone 
switching and transmission equipment that must sup- 
port the metering function. The full range of signal trans- 
mission, battery feed, and loop supervision functions 
are also supported. 

The Am79M53X and Am79M57X Central Office Meter- 
ing SLIC Family is compatible with CCITT recommen- 
dations and supports 2.2-V metering at 12 and 16 kHz. 
The new Am79H M53 is designed to support higher level 
metering requirements such as the 5.1 -V metering in re- 
quired in Germany. All of the Central Office Metering 
SLICs feature an internal, self-adjusting switching regu- 
lator to reduce power consumption to a minimum and 
enhance system reliability. They also support on-hook 
transmission and offer extended temperature perform- 
ance, making either type ideal for Digital Loop Carriers 
and other applications that require metering. 

The signal transmission functions of all AMD SLICs 
include both two-to-four-wire and four-to-two-wire 
conversion. The two-wire termination impedance is pro- 
grammable with a single external impedance. The com- 
panion AMD SLAC or DSLAC IC (Single-Channel or 
Dual-Channel Subscriber Line Audio-Processing Cir- 
cuit) has a digital balancing filter that provides the trans- 
hybrid loss function. If the DSLAC IC is not used, most 
codec/filters provide an uncommitted op amp for this 
purpose. 



The SLICs battery feed architecture makes their 
DC feed characteristics programmable with external 
resistors. Furthermore, these characteristics are inde- 
pendent of battery variations. AMD's Central Office 
Metering SLICs are optimized for either 48- or 63-V 
operation. 

A polarity reversal function is provided on all SLICs and 
transposes the normal voltage sense of the A(TIP) and 
B(RING) leads with a controlled transition time. All 
transmission functions continue normally following the 
transition. A disable mode is also provided, limiting loop 
current and cutting power dissipation while allowing the 
full complement of supervisory functions to be utilized. 

The supervisory functions of off-hook detection and ring 
trip detection are read through a single, TTL-compatible 
output. To eliminate noise-induced errors, the off-hook 
detector signal may be filtered. Off-hook detection has a 
threshold that is set by the value of an external resistor. 
Additional supervisory controls put the A lead into an 
open circuit or high-impedance state suitable for appli- 
cation in ground start systems. Similarly, both the A and 
B leads may be open circuited to clear relays, recover 
from line faults, or turn off out-of-service lines. Two relay 
drivers support ring and test relay functions, or can be 
used for other functions such as activating a message 
waiting lamp. 

The SLICs user-programmable states are controlled 
by a TTL-compatible code. The control inputs are 
designed to easily interface to popular single-chip 
microcontrollers, such asthe industry standard 8051 , or 
to latched outputs from a SLAC or DSLAC device. 
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Am79M531/Am79M535 

Metering Subscriber Line Interface Circuit 
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DISTINCTIVE CHARACTERISTICS 

■ Programmable constant current feed 

■ Line-feed characteristics independent of 
battery variations 

■ Programmable loop detect threshold 

■ On-chip switching regulator for low-power 
dissipation 

■ Pin for external ground-key noise filter 
capacitor available 



Ground-key detect 
Low standby power 

Two-wire impedance set by single external 
impedance 

Performs polarity reversal 

Tip open state for ground start lines 

Supports 2.2-V RMS metering (12 and 16 kHz) 



JLOCK DIAGRAM 



AX(TIPX) <? 



HP A <► 



HPB <> 



BX(RINGX) O 



DA O- 
DB O- 

Vreq 

L O 

Vbat <? 

BGND <>77^ 



Two-Wire 
Interface 



! Ground-Key | 
1 Detector i 



Ring Relay Driver 



Signal Transmission 



Power Feed 
Controller 



Input Decoder 
and Control 



Off-Hook Detector — 1 



Switching Regulator < — 1 



Ring Trip Detector 



i-U- .1 x-i-F-. 



CHS Qbat CHCLK 



V cc V EE agnd 



O RINGOUT 



C, 
C 2 
C3 
Ei 
Eo 

DET 



-<> GKFIL 
— O RSN 



Rd 
Rdc 



11701B-012 



Notes: Am79M531 — Eo and Ei inputs; ring relay driver sourced internally to BGND; no test relay driven ground-key filter pin. 
Am79M535— Eo and Ei inputs; ring relay driver sourced internally to BGND; ground-key filter pin. 
Current gain (Ki) = 1000 for all parts. 

This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you 
evaluate thte product. AMD reserves the right to change or discontinue work on this proposed product without notice. 

Publication «: 16856 Rev. A Amendmenl 10 I 
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Top View 
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BGND □ 1 • 
V„ ea □ 2 
Vcc □ 3 
RINGOUT □ 4 
GKFIL □ 5 
LC 6 
Vb.t C 7 

Qbat □ 8 

CHS □ 9 
CHCLK □ 10 
E, C 11 
E □ 12 
DET C 13 
C 2 C 14 



Am79M531 



Am79M535 



22 
21 
20 



28 □ BX(RINGX) 
27 □ AX(TIPX) 
26 □ DB 
25 □ DA 
24 □ Rd 
23 □ HPB 

□ HPA 

□ v EE 

19 □ RSN 
18 □ AGND/DGND 



17 □ Roc 
16 □ C, 
15 DC, 



I— X _ 

o Q ? 9= 

CD o z QC t. 

? 8 tc CD X X. CD 

tr > > m co < Q 

n n n n n n n 



TP C 5 

GKFIL Q 6 

LC 7 

Vb»t C 8 

Qb»t C 9 

CHS C 10 

CHCLK □ 11 

RSRVD C 12 

E, C 13 



u u u u u u u 

uf d 1 tf o" ^8 § 









29 


□ 


TP 


28 


□ 


DA 


27 


□ 


Re 


26 


□ 


HPB 


25 


□ 


HPA 


24 


□ 


Vtx 


23 


□ 


Vee 


22 


□ 


RSN 


21 


□ 


AGND 


o 

CM J 







Notes: 1, Pin 1 is marked for orientation. 

2. TP is a thermal conduction pin tied to substrate (Qbat). 
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ORDERING INFORMATION 
Standard Products 

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 



AM79M53X 



I 



TEMPERATURE RANGE 

C*= Commerical (0°C to 70°C) 

PACKAGE TYPE 

J = 32-Pin Plastic Leaded Chip Carrier (PL 032) 
P = 28-Pin Plastic DIP (PD 028) 
D = 28-Pin Ceramic DIP (CD 028) 



PERFORMANCE GRADE 

Blank = Standard Specification 
-1 = Performance Grading 
-2 = Performance Grading 



DEVICE NAME/DESCRIPTION 

Am79M53X 

Subscriber Line Interface Circuit 



Valid Combinations 


AM79M53X 


DC, JC, PC 


-1DC-1JC, -1PC 


-2DC, -2JC, -2PC 



Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD's standard military grade products. 



*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC 
Extended Temperature Supplement for information on industrial temperature range (-40°C to +85°C) specifications. 
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PIN DESCRIPTION 

AGND 

Ground (Am79M535) 

Analog (Quiet) ground. 

DGND 

Ground (Am79M535) 

Digital ground. 

AGND/DGND 
Ground (Am79M531) 

Analog and digital ground are connected internally to a 
single pin. 

AX(TIPX) 
(Output) 

Output of A(TIP) power amplifier. 

BGND 
Ground 

Battery (power) ground. 

BX(RINGX) 
(Output) 

Output of B(RING) power amplifier. 
Cs— Ci 

Decoder (Inputs) 

TTL compatible. C 3 is MSB and C, is LSB. 
CHCLK 

Chopper Clock (Input) 

Input to switching regulator (TTL compatible). 
Frequency = 256 kHz (nominal). 

CHS 

Chopper Stabilization (Input) 

Connection for external stabilization components. 

DA 

Ring Trip Negative (Input) 

Negative input to ring trip comparator. 

DB 

Ring Trip Positive (Input) 

Positive input to ring trip comparator. 

DET 

Detector (Output) 

When enabled, a logic Low indicates that the selected 
detector is tripped. The detector is selected by the logic 
inputs (C3-C1 , Eo, E1). The output is open-collector with a 
built-in 15K pull-up resistor. 



E„ 

Read Enable (Input) 

A logic High enables DET. A logic Low disables DET. 
E, 

Ground-Key Enable (Input) 

When Eo is High , E, = High connects the ground-key 
detector to DET , and Ei = Low connects the off-hook 
or ring trip detector to DET. 

GKFIL 

Ground-Key Filter Capacitor Connection 

An external capacitor for filtering out high-frequency 
noise from the ground-key loop can be connected to this 
pin. An internal 36K -20%, +40% resistor is provided to 
form an RC filter with the external capacitor. 

In versions which have a GKFIL pin, a 3.3 nF minimum 
capacitance must be connected from the GKFIL pin to 
ground. 

HPA 

A(TIP) side of high-pass filter capacitor. 
HPB 

B(RING) side of high-pass filter capacitor. 
L 

Switching Regulator Power Transistor (Output) 

Connection point for filter inductor and anode of catch 
diode. This pin will have up to 60 V of pulse waveform on 
it and must be isolated from sensitive circuits. Extreme 
care must be taken to keep the diode connections short 
because of the high currents and high di/dt. 

Qua 

Quiet Battery 

Filtered battery supply for the signal processing circuits. 

Rd 

Threshold modification and filter point for the off-hook 
detector. 

Rdc 

Connection point for the DC feed current programming 
network. The other end of the network connects to the 
Receiver Summing Node (RSN). The sign of V RD c is 
minus for normal polarity and plus for reverse polarity. 

RINGOUT 

Ring Relay Driver (Output) 

Sourcing from BGND with internal diode to Qbat 
(Am79M531). 
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RSN 

Receive Summing Node (Input) 

The metallic current (both AC and DC) between A(TIP) 
and B(RING) is equal to 1 000 times the current into this 
pin. The networks that program receive gain, two-wire 
impedance, and feed current all connect to this node. 
This node is extremely sensitive. Care should be taken 
to route the 256-kHz chopper clock and switch lines 
away from the RSN node. 



Connected to office battery supply through an external 
protection diode. 



+5-V power supply. 



-5-V power supply. 
V„ E0 

Regulated Voltage (Input) 

Provides negative power supply for power amplifiers, 
connection point for inductor, filter capacitor, and 
chopper stabilization. 

Vtx 

Transmit Audio (Output) 

Thisoutputis0.510timestheAX(TIPX)andBX(RINGX) 
metallic voltage. The other end of the two-wire input 
impedance programming network connects here. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature -55°C to +150°C 

Vcc with respect to AGND/DGND . . -0.4 V to +7.0 V 

V EE with respect to AGND/DGND . . +0.4 V to -7.0 V 

Vbat with respect to AGND/DGND . . . +0.4 V to -70 V 

Note: Rise time of Vbat (dv/dt) must be limited to 27 V/us or 
less when CW bypass = 0.33 u.F. 

BGND with respect to 

AGND/DGND +1.0Vto-3.0V 

AX(TIPX) or BX(RINGX) to BGND: 

Continuous -70 V to +1 .0 V 

10ms(F = 0.1 Hz) -70Vto+5.0V 

1 us(F = 0.1 Hz) -90Vto+10V 

250 ns (F = 0.1 Hz) -120 V to +15 V 

Current from AX(TIP) or BX(RING) ±150 mA 

Voltage on RINGOUT BGND to 70 V above Qbat 

Current through Relay Driver 60 mA 

Voltage on Ring Trip Input 

(DA and DB) Vbat to V 

Current into Ring Trip Inputs ±10 mA 

Peak Current into Regulator 

Switch (L pin) 150 mA 

Switcher Transient Peak Off 

Voltage on L pin +1.0 V 

C3-C1 , E0, E1 , CHCLK to 

AGND/DGND -0.4 V to Vcc + 0.4 V 

Maximum Power Dissipation, Ta (see note) . . . 70°C 

In 28-pin ceramic DIP package 2.58 W 

In 28-pin plastic DIP package 1 .4 W 

In 32-pin PLCC package 1.74 W 

Note: Thermal limiting circuitry on chip will shut down the 
circuit at a junction temperature of about 165°C. The 
device should never see this temperature and opera- 
tion above 1 45°C junction temperature may degrade 
device reliability. See SLIC Packaging Considerations 
section for more information. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may effect device 
reliability. 



I N A R Y 

OPERATING RANGES 

Commercial (C) Devices 

Ambient Temperature 0°C to +70°C 

Vcc 4.75 V to 5.25 V 

Vee -4.75 V to -5.25 V 

Vbat -40 V to -63 V 

AGND/DGND V 

BGND with respect to 

AGND/DGND -100 mV to +100 mV 

Load Resistance on V™ to Ground .... 10 Kohm Min 

"-2" performance grade SLICs are functional from -40°C to 
+85°C. See the SLIC Extended Temperature Supplement for 
information on industrial temperature range (-40°C to +85°C) 
specifications. 

Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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ELECTRICAL CHARACTERISTICS over operating range 

Am79M531/Am79M535 (see Note 1) 



Description 


1 est irOnumons 


Preliminary 


Unit 




Min 
min 


Typ 


May 

iviaA 


Mnaioy ^vtxJ wutpui irnp6uanc.e ^inoic oj 








3 






Analog (V™) Output Offset 




-1 


-35 
-30 




+35 
+30 


mV 


Analog (RSN) Input Impedance (Note 5) 


300 Hz to 3.4 kHz 






1 


20 


ohm 


Longitudinal Impedance at AX or BX 
(Note 5) 




35 


Overload Level 

Z2WIN = 600 to 900 ohms (Note 2) 


four-wire 




-3.1 




+3.1 


Vpk 


two- wire 


-6.0 




+6.0 


Transmission Performance, two-wire impedance 


Two-Wire Return Loss 
(See Test Circuit D) 
(Notes 5, 13) 


300 Hz to 500 Hz 
500 Hz to 2500 Hz 
2500 Hz to 3400 Hz 




26 
26 
20 






dB 


Longitudinal Balance (two-wire and four-wire, see Test Circuit C) 


Rl= 600 ohms, Longitudinal to Metallic 
L-T, L-4 (normalized to unity gain) 


300 Hz to 3400 Hz 


-1 


48 
52 






dB 


Longitudinal to Metallic L-T and 

L-4 (normalized to unity gain) 

(for trimmed version consult factory) 


200 Hz to 1000 Hz 
1000 Hz to 3400 Hz 
200 Hz to 3400 HZ 
(Reverse Polarity) 


-2" 


63 
58 

54 


70 
70 




Longitudinal Signal Generation 4-L 


300 Hz to 800 Hz 
300 Hz to 800 Hz 


-1 


40 
42 






dB 


Longitudinal Current Capability 


Active State 






25 




mA 
RMS 


per Wire (Note 5) 


Disable State 






18 




Insertion Loss (see Test Circuits A and B) 


Two-Wire to Four-Wire 


Vab = dBm, 1 kHz 


-1 


5.70 
5.75 


5.85 


6.00 
5.95 


dB 


Four-Wire to Two-Wire 


VRx=0dBm, 1 kHz 


-1 


-0.15 
-0.1 




+0.15 
+0.1 


dB 


Insertion Loss versus Frequency (see Test Circuits A and B) 


Two-Wire to Four-Wire or 
Four-Wire to Two-Wire 


300 Hz to 3400 Hz 
Relative to 1 kHz 




-0.1 




+0.1 


dB 


Gain Tracking (see Test Circuits A and B) 


Two-Wire to Four-Wire or 
Four-Wire to Two-Wire (Note 5) 


+7 dBm to -55 dBm 
Reference: dBm 




-0.1 




+0.1 


dB 


Balance Return Signal (four-wire to four-wire, see Test Circuit B) 


Gain Accuracy (Note 3) 


dBm, 1 kHz 


-1 


-6.00 
-5.95 


-5.85 


-5.70 
-5.75 


dB 


Variation with Frequency (Notes 3, 5) 


300 Hz to 3400 Hz 
Relative to 1 kHz 




-0.1 




+0.1 


dB 


Gain Tracking (Note 5) 


+3 dBm to -55 dBm 
Reference: dBm 




-0.1 




+0.1 


dB 


Group Delay (Notes 5, 14) 


F = 1 kHz 






5.3 




fiS 



*P.G. = Performance Grade 

"All other performance parameters equivalent to -1 grade. 
Normal Polarity only. 



SLIC Products 



1-121 



CI AMD 



PRELIMI NARY 



ELECTRICAL CHARACTERISTICS (continued) 



Description 


Test Conditions 


Preliminary 


Unit 


P.G. Min 


Typ 


Max 


Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B) 


Total Harmonic Distortion 


dBm, 300 Hz to 3.4 kHz 
+9 dBm, 300 Hz to 3.4 kHz 






-64 
-55 


-50 
-40 


dB 


Total Harmonic Distortion 
With Metering (Notes 5, 10) 










-35 


dB 


Idle Channel Noise 


C-Message Weighted Noise 


two- wire 


-1 




+7 
+7 


+15 
+12 


dBmC 


(Notes 5, 7) 


four-wire 


-1 




+3 
+3 


+10 
+7 


dBrnC 


Psophometric Weighted Noise 
(Note 7) 


two-wire 


-1 




-83 
-83 


-75 
-78 


dBmp 


four-wire 


-1 




-87 
-87 


-80 
-83 


dBmp 


Psophometric Idle Channel Noise 
with Metering (Notes 5, 1 1 ) 


two-wire 








-46 


dBmp 


four-wire 






-52 


Single 


Free 


uency Out-of-Band Noise (see Test Circuit E) 


Metallic 




Notes 4, 5, 9 


4 kHz to 9 kHz 






-76 




dBm 


(Notes 4, 5, 9) 


9 kHz to 1 MHz 




-76 




(Notes 4, 5) 


256 kHz and harmonics 




-57 




Longitudinal 


(Notes 4, 5, 9) 


1 kHz to 1 5 kHz 






-70 




dBm 


(Notes 4, 5, 9) 


Above 1 5 kHz 




-85 




(Notes 4, 5) 


256 kHz and harmonics 




-57 




DC Feed Currents (see Figures 1a, 1b, 1c) Battery = -48 V 


Active Mode Loop Current Accuracy 


Iloop (nominal) = 40 mA 




-7.5 




+7.5 


% 


Disable Mode 


Rl = 600 ohms 


18 


20 


22 


mA 


Tip Open Mode 


Rl= 600 ohms 






1.0 


Open Circuit Mode 


Rl= ohms 






1.0 


Fault Current Limit, Iujm (Iax + Ibx) 


AX and BX shorted 
to ground 








130 


mA 


Power Dissipation Battery = -48 V, Normal Polarity 


On-Hook Open Circuit 




-1 




35 
35 


120 
80 


mW 


On-Hoc 


>k Disable Mode 




-1 




135 
135 


250 
200 


On-Hot 


>k Active Mode 




-1 




200 
200 


400 
300 


Off-Hook Disable Mode 


R L = 600 ohms 






500 


750 


Off-Hook Active Mode 


R L = 600 ohms 






650 


1000 
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LECTRICAL CHARACTERISTICS (continued) 


i 


Description 


Test Conditions 


Preliminary 


Unit 


P.G. | Min | Typ | Max 


! 


Supply Currents 


1 


/cc On-Hook Supply Current 


Open Circuit Mode 
Disable Mode 
Active Mode 






3.0 
6.0 
7.5 


4.5 
10.0 
12.0 


mA 


> 


/ee On-Hook Supply Current 


Open Circuit Mode 
Disable Mode 
Active Mode 




1.0 
2.2 
2.7 


2.3 
3.5 
6.0 


mA 




/bat On-Hook Supply Current 


Open Circuit Mode 
Disable Mode 
Active Mode 




0.4 
3.0 
4.0 


1.0 
5.0 
6.0 


mA 




'ower Supply Rejection Ratio (Vripple = 50 mV RMS) 


1 


/cc 

Notes 6, 7) 


50 Hz to 3400 Hz 




25 
30 


45 
45 




dB 


3.4 kHz to 50 kHz 




22 
25 


35 
35 




dB 


' 


Notes 6, 7) 


50 Hz to 3400 Hz 




20 
25 


40 
40 




dB 


3.4 kHz to 50 kHz 




10 
10 


25 
25 




dB 


1 


/bat 

Notes 6, 7) 


50 Hz to 3400 Hz 




27 
30 


45 
45 




dB 


3.4 kHz to 50 kHz 




20 
25 


40 
40 




dB 




Dff-Hook Detector 




Current Threshold Accuracy 


Idet = 365/Rd Nominal 


-20 +20 % 




3round-Key Detector Thresholds, Active Mode, Battery = -48 V (see Test Circuit F) 




3round-Key Resistance Threshold 


B(Ring) to GND 




2.0 


5.0 


10.0 


Kohm 


( 


3round-Key Current Threshold (Note 8) 


B(Ring) to GND 






9 




mA 


Midpoint to GND 






9 






Ring Trip Detector Input 




3 as Current 






-5 


-0.05 




uA 


( 


Dffset Voltage (Note 12) 


Source Resistance 
to 2 Mohms 




-50 





+50 


mV 



igic Inputs (Ci, C 2 , C 3 , C«, Eo, Ei, and CHCLK) 



Input High Voltage 






2.0 






V 


Input Low Voltage 








0.8 


V 


Input High Current 




-75 




40 


HA 


Input Low Current 




^0.4 






mA 


Lo 


gic Output (DET) 


Ol 


tput Low Voltage 


Iout = 0.8 mA 








0.4 


V 


Ol 


tput High Voltage 


loirr = -0.1 mA 


2.4 






V 
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SWITCHING CHARACTERISTICS 
Am79M531 



Parameter 


Test Conditions 


Min 


Typ 


Max 


Unit 


tgkde 


E, Hiah to DET Hiah (E„ - 1 1 
ci nign to ut i low \tzo — i ) 


Ground-Key Detect Mode 
Rl Open, Rg Connected 
(see Test Circuit G) 






3.8 
1.1 


US 


tshde 


Ei Low to DET Low (Eo = 1 ) 
Ei Low to DET High (E„= 1) 








1.2 
3.8 


(IS 


tshdd 


Eo High to DET Low (E, = 0) 


Switch Hook Detect Mode 
R L = 600 ohms, Ra Open 
(see Test Circuit H) 






1.1 


us 


tshdO 


E. Low to DET High (E, = 0) 






3.8 


tgkdd 


EoHigh to DET Low (E, = 1) 








1.1 


LIS 


tgkdO 


Eo Low to DET High (Ei = 1) 








3.8 







Table 1.SLIC Decoding 







DET Output 












E„=1* 


Eo = 1 


State 


C, 


c 2 


c, 


Two-Wire Status 


E, = 


E, = 1 
















Open Circuit 


Ring Trip 


Ring Trip 




1 








1 


Ringing 


Ring Trip 


Ring Trip 




2 





1 





Active 


Loop Det. 


Ground Key 




3 





1 


1 


Disable 


Loop Det. 


Ground Key 


4 


1 








Tip Open 


Loop Det. 




5 


1 





1 


Reserved 


Loop Det. 




6 


1 


1 





Active Polarity Reversal 


Loop Det. 


Ground Key 




7 


1 


1 


1 


Disable Polarity Reversal 


Loop Det. 


Ground Key 



* A logic Low on Eo disables the DET output into the open-collector state. 
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SWITCHING WAVEFORMS 
Am79M531/Am79M535 



E, to DET 
E 



1 _y 



DET 



7 



J 



tgkde tshde 




J 



tgkde tshde 



E to DET 



V/- 



f 



DET 



Y 



7^ 



J 



Note: All delays measured at 1.4-V level. 



tshdd tshdO 



tgkdd tgkdO 
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Relay Driver Specifications 

Am79M531/Am79M535 

BGND 
a I 

I 




RINGOUT 



Qbat 11701A-24 







Preliminary 




Description 


Test Conditions 


Min 


Typ 


Max 


Unit 


Relay Driver Outputs (RINGOUT) 


On Voltage 


50 mA Source 


BGND -2 


BGND-0.95 




V 


Off Leakage 






0.5 


100 


uA 


Clamp Voltage 


50 mA Sink 


Qbat -2 






V 



Notes: 

1 . Unless otherwise noted, test conditions are: Battery = -48 V, Vcc = +5 V, Vee = -5 V, R L = 600 ohms, Chp = 0.22 uF, Rdci = 
Rdc2 = 31.25K, Cdo = 0.1 u.F, Ra = 51. 1K, no fuse resistors, two-wire AC output impedance, programming impedance 
(Z T )= 306K resistive, receive input summing impedance (Zrx) = 300K resistive. (See Table 2 for component formulas.) 

2. Overload level is defined when THD = 1%. 

3. Balance return signal is the signal generated at V™ by Vnx. This spec assumes that the two-wire AC load impedance matches 
the impedance programmed by Zt. 

4. These tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 300 ohms for frequencies 
below 1 2 kHz and 1 35 ohms for frequencies greater than 1 2 kHz. These tests are extremely sensitive to circuit board layout. 

5. Not tested in production. This parameter is guaranteed by characterization or correlation to other tests. 

6. This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization. 

7. When the SLIC is in the Anti-sat 2 operating region, this parameter will be degraded. The exact degradation will depend 
on system design. The Anti-sat 2 region occurs at high loop resistances when IVbatI - |Vax-VbxI is less than approximately 
17V. 

8. "Midpoint" is defined as the connection point between two 300-ohm series resistors connected between A(TI P) and B(RING). 

9. Fundamental and harmonics from 256-kHz switch-regulator chopper are not included. 

1 0. Total harmonic distortion with metering as specified with a metering signal of 2.2 VRMS at the two-wire output, and a transmit 
signal of +3 dBm or receive signal of -4 dBm. The transmit or receive signals are single-frequency inputs, and the distortion is 
measured as the highest in-band harmonic at the two-wire or the four-wire output relative to the input signal. 

1 1 . Noise with metering is measured by applying a 2.2-VRMS metering signal (measured at the two-wire output) and measuring 
the psophometric noise at the two-wire and four-wire outputs over a 200-ms time interval. 

12. Tested with ohms source impedance. Two Mohms is specified for system design purposes only. 

13. Assumes the following Zt network: Vtx — WS/ i / W\/ RSN 

153K 153K 

56 pF 

14. Group delay can be considerably reduced by using a Z T network such as that shown in Note 13 above. The network will 
reduce the group delay to less than 2 (is. The effect of group delay on linecard performance may be compensated for 
by using the SLAC or DSLAC devices. 
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Table 2. User-Programmable Components 



Zt = 510(Z2w,n-2Rf) 



Zt is connected between the Vtx and RSN pins.The fuse resistors are R F , and 
Z2WIN is the desired two-wire AC input impedance. When computing Z T , the 
internal current amplifier pole and any external stray capacitance between 
Vtx and RSN must be taken into account. 



Zrx = 



1000Zt 



G42L Zt+ 510 (Zl + 2Rf) 



Ztw is connected from V RX to the RSN pin andZr is defined above andG42Lis 
the desired receive gain. 



Rdoi + Rdc2 = 2500/Ifeed 

Cdc = (1 .5 ms)(Roci + RoC2)/(RDClRDC2) 



Rdci, Rdc2, and C DC form the network connected to the Roc pin. Rdci and R D 02 
are approximately equal. 



Rd = 365/It, Cd = 0.5 ms/Ro 



Rd and C D form the network connected from R D to -5 V, and It is the threshold 
current between on-hook and off-hook. 



Z M is connected from Vmq (metering source) to the RSN 
pin, View is the desired magnitude of the metering signal at the two-wire out- 
put (usually 2.2 VRMS) and K1 (co) is defined below. 



Z„ = 



Vm 



Ki (co) Zl • Zt 



Vm2W Zt + 0.51 ■ K, (co) (2Rf + Zl) 



K, (co) = 



1000 



1 + jco (1 1 .5 ■ 1 0" 9 + CX/2)(36 + Zl + 2R F ) 

where: CX = The values of the identical capacitors from AX and BX to ground 
co = 2n x metering frequency 



50 



Vax-Vbx 
(Volts) 

















Anti-sa 


2 


A 


nti-sat 1 
























Constan 


Current 















Vbat = -^7.3 V 

Rdci + Rdc2 = Rdc= 62. 5K 



II (mA) 



60 



Constant current region: L= 



2500 



Anti-sat 1 region: Vax-bx = 45.78 -■ 



Rdc 
152.6 



See Figure 1c. 



Anti-sat 2 region: V ax -bx = 1.075 I VbatI -17.86-( .013 + -^- J II 

\ 1512/ 



11701B-014 



Figure 1a. Load Line (Typical) 
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50 



II (mA) 

















\ 















































Rl(£2) 



3000 



Load Current versus Load Resistance - Am79M531/Am79M535 
Vbat = -47.3 V 
Rdc = 62.5K 
See Figure 1c. 



11701B-015 



Figure 1b. Feed Characteristics (Typical) 



AX 



SLIC 



RSN 



BX 




Current programmed by Rdci and Roc. 



11701B-016 



Figure 1c. Feed Programming 
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AAA* — j 



A 

(TIP) 



Rl 



AX Vt, 
(TIPX) 

sue 

AGND 



BX RSN 
(RINGX) 



Rmq 

nnv, 
f 

Rrx 



Iim = -20 log (V™/Vab) 



B 

(RING) 



Il« = -20 log (Vab / Vrx) BRS = 20 log (V™ / Vhx) -±: 




A. Two-to-Four Wire Insertion Loss 



B. Four-to-Two Wire Insertion Loss and Balance 
Return Signal 




Si closed, S 2 open and 1/ooC « R L : 

L-T Long. Bal. = -20 log (-^) 

L-4 Long. Rej. = -20 log ^ 

Si closed, Si open: 
Vj? Vrx 4-L Long. Sig. Gen. = -20 log 

C. Longitudinal Balance (IEEE) 



Z D : The desired impedance; for example, the 
characteristic impedance of the line. 



RL=20log (^L) 
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D. Two-Wire Return Loss Test Circuit 
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TEST CIRCUITS (continued) 



56 n 



68 n c 



68 £2 C 

L-AAAr— |f- 



AX 

(TIPX) 



SLIC 



BX 

(RINGX) 



1/coC « 90 Q 



E. Single-Frequency Noise 



Rl 

J VW- 



Rl 
-ViAr- 



A(TIP) 



B(RING) 



. Rq 

LW-AAAr- 

Se 



Current Feed and Ground Key 
F. Ground-Key Detection 



Rg = 2K < 



Rl = 600 ohms 




15pF 



15772A-017b 



G. Ground-Key Switching 



H. Loop Detector Switching 
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Metering Subscriber Line Interface Circuit 



Advanced 
Micro 
Devices 



STINCTIVE CHARACTERISTICS 
Programmable constant resistance feed 
Programmable loop detect threshold 
Ground-key detect 
Low standby power 
Performs polarity reversal 
Line-feed characteristics independent of 
battery variations 



Test relay driver optional 

Supports 2.2-V RMS metering (12 and 16 kHz) 

On-chip switching regulator for low-power 

dissipation 

Two-wire impedance set by single external 
impedance 

Tip open state for ground start lines 



BLOCK DIAGRAM 



AXiTIPX) 



HPA 



HPB 



BX(RINGX) 



Two-Wire 
Interface 



DA 

DB O- 

Vreg O 

L O 

Vbat <? 

BGND < ! > 77^ 



J Ground-Key ' 
*• Detector . 



Ring Relay Driver 



I i Test Relay Driver |- 



Signal Transmission 



Power Feed 
Controller 



Input Decoder 
and Control 



Off-Hook Detector — 1 



Ring Trip Detector 



Switching Regulator « — ' 

I 



■I— X- 



r.. 



CHS Qbat CHCLK 



Voc Vee agnd 



Am79M570 — Eo and Ei inputs; ring relay driver sourced internally to BGND. 
Am79M574 — Eo and Ei inputs; ring and test relay drivers sourced internally to BGND. 
Current gain (Ki) = 1000 for both parts. 



-O RINGOUT 



-6 TESTOUT 



C, 
C 2 

c, 
c 4 

E, 
Eo 
DET 



■+? Vtx 

RSN 
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This document contains information on a product under development at Advanced Micro Devices, Inc. The infomrtatton is intended to help you 
evaluate this product. AMD reserves the right to change or discontinue work on thte proposed product without notice. 
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PRELIMINARY 



CONNECTION DIAGRAMS 
Top View 

Am79M570 



BGND C 
V„ EO □ 

Vcc C 
RINGOUT □ 
NC □ 
LC 

Vb*t C 

cw C 

CHS □ 
CHCLK □ 
Ei C 
Eo C 12 
DET □ 13 
C 2 □ 14 



1 • 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 



28 □BX(RINGX) 
27 □AX(TIPX) 
26 □ DB 
25 □DA 
24 □ Rd 
23 □HPB 
22 I]HPA 
21 □Vtx 
20 DVee 
19 □ RSN 
18 □AGND/DGND 
17 □ Roc 
16 Z|C, 
15 HCa 



Am79M574 



5 
o 

(3 



(3 X 

Q — — 

z EE. b. 

C3 X X 

CQ CD < 





n n n n n n n 








( * 


n N 7 « S § > 






tp r 


5 


29 


-1 


TP 


TESTOUT C 


6 


28 


□ 


DA 


lC 


7 


27 


□ 


Rd 




8 


26 


□ 


HPB 


CW C 


9 


25 


□ 


HPA 


CHS □ 


10 


24 


□ 


Vtx 


CHCLK C 


11 


23 


□ 


Vee 


c«C 


12 


22 


□ 


RSN 




13 


21 

w to t*~ co at o 


□ 


AGND 




u u u u u u u 







U * " * f 1 



Notes: 1 . Pin 1 is marked for orientation. 

2. TP is a thermal conduction pin tied to substrate (Qbat). 

3. NC = No connect. 
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ORDERING INFORMATION 
Standard Products 

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 



AM79M57X 



TEMPERATURE RANGE 

C*= Commerical (0°C to 70°C) 



PACKAGE TYPE 

J = 32-Pin Plastic Leaded Chip Carrier (PL 032) 
P = 28-Pin Plastic DIP (PD 028) 
D = 28-Pin Ceramic DIP (CD 028) 



1 PERFORMANCE GRADE 

Blank = Standard Specification 
-1 = Performance Grading 
-2 = Performance Grading 

DEVICE NAME/DESCRIPTION 

Am79M57X 

Subscriber Line Interface Circuit 



Valid Combinations 


AM79M57X 


DC, JC, PC 


-1DC, -1JC, -1PC 


-2DC, -2JC, -2PC 



Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD's standard military grade products. 



'The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC 
Extended Temperature Supplement for information on industrial temperature range (-40°C to +85°C) specifications. 
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PIN DESCRIPTION 
AGND 

Ground (Am79M574) 

Analog (Quiet) ground. 

DGND 

Ground (Am79M574) 

Digital ground. 

AGND/DGND 

Ground 
(Am79M570 ) 

Analog and digital ground are connected internally to a 
single pin. 

AX(TIPX) 
(Output) 

Output of A(TIP) power amplifier. 

BGND 
Ground 

Battery (power) ground. 

BX(RINGX) 
(Output) 

Output of B(RING) power amplifier. 
C 3 -C, 

Decoder (Inputs) 

TTL compatible. C 3 is MSB and C, is LSB. 
C, 

Test Relay Driver Command (Input) 
(Am79M574) 

TTL compatible. A logic Low enables the driver. 
CHCLK 

Chopper Clock (Input) 

Input to switching regulator (TTL compatible). 
Frequency = 256 kHz (nominal). 

CHS 

Chopper Stabilization (Input) 

Connection for external stabilization components. 

DA 

Ring Trip Negative (Input) 

Negative input to ring trip comparator. 

DB 

Ring Trip Positive (Input) 

Positive input to ring trip comparator. 



DET 

Detector (Output) 

When enabled, a logic Low indicates that the selected 
detector is tripped. The detector is selected by the logic 
inputs(C 3 -C, E , Ei). The output is open-collector with a 
built-in 15K pull-up resistor. 

E» 

Read Enable (Input) 

A logic High enables DET. A logic Low disables DET. 
E, 

Ground-Key Enable (Input) 

When E is High , £, = High connects the ground-key 
detector to DET, and Ei = Low connects the off-hook 
or ring trip detector to DET. 

HPA 

A(TIP) side of high-pass filter capacitor. 
HPB 

B(RING) side of high-pass filter capacitor. 



Switching Regulator Power Transistor (Output) 

Connection point for filter inductor and anode of catch 
diode. This pin will have up to 60 V of pulse waveform on 
it and must be isolated from sensitive circuits. Extreme 
care must be taken to keep the diode connections short 
because of the high currents and high di/dt. 

Qui 

Quiet Battery 

Filtered battery supply for the signal processing circuits. 
Ro 

Threshold modification and filter point for the off-hook 
detector. 

Roc 

Connection point for the DC feed resistance program- 
ming network. The other end of the network connects 
to the Receiver Summing Node (RSN). The sign of Vbdc 
is minus for normal polarity and plus for reverse polarity. 

RINGOUT 

Ring Relay Driver (Output) 

Sourcing from BGND with internal diode to Qbat. 
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TESTOUT 

Test Relay Driver (Output) 
(Am79M574) 

Sourcing from BGND with internal diode to CW 
RSN 

Receive Summing Node (Input) 

The metallic current (both AC and DC) between A(TIP) 
and B(RING) is equal to 1000 times the current into this 
pin. The networks that program receive gain, 2-wire 
impedance, and feed resistanceall connect to this node. 
This node is extremely sensitive. Care should be taken 
to route the 256-kHz chopper clock and switch lines 
away from the RSN node. 

Vbat 

Connected to office battery supply through an external 
protection diode. 



Vcc 

+5-V power supply. 

VeE 

-5-V power supply. 

Vreg 

Regulated Voltage (Input) 

Provides negative power supply for power amplifiers, 
connection point for inductor, filter capacitor, and 
chopper stabilization. 

Transmit Audio (Output) 

This output is 0.51 times the AX(TI PX) and BX(RINGX) 
metallic voltage. The other end of the two-wire input 
impedance programming network connects here. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature -55°C to +150°C 

Vco with respect to AGND/DGND .. -0.4 V to +7.0 V 

V EE with respect to AGND/DGND . . +0.4 V to -7.0 V 

Vbat with respect to AGND/DGND . . . +0.4 V to -70 V 

Note: Rise time of Vbat (dv/dt) must be limited to 27 V/us or 
less when Qbat bypass = 0.33 u.F. 

BGND with respect to 

AGND/DGND +1.0Vto-3.0V 

AX(TIPX) or BX(RINGX) to BGND: 

Continuous -70 V to +1 .0 V 

10 ms (F = 0.1 Hz) -70 V to +5.0 V 

1us(F = 0.1Hz) -90 V to +10 V 

250 ns (F = 0.1 Hz) -120 V to +15 V 

Current from AX(TIP) or BX(RING) +150 mA 

Voltage on RINGOUT .... BGND to 70 V above Qbat 

Voltage on TESTOUT .... BGND to 70 V above Qbat 

Current through Relay Drivers 60 mA 

Voltage on Ring Trip Inputs 

(DA and DB) Vbat to V 

Current into Ring Trip Inputs +1 mA 

Peak Current into Regulator 

Switch (L pin) 150 mA 

Switcher Transient Peak Off 

Voltage on L pin +1 .0 V 

C4-C1.E0, E1,CHCLKto 

AGND/DGND -0.4 V to Vco + 0.4 V 

Maximum Power Dissipation, Ta (see note) . . . 70°C 

In 28-pin ceramic DIP package 2.58 W 

In 28-pin plastic DIP package 1 .4 W 

In 32-pin PLCC package 1 .74 W 

Note: Thermal limiting circuitry on chip will shut down the 
circuit at a junction temperature of about 165°C. The 
device should never see this temperature and opera- 
tion above 1 45°C junction temperature may degrade 
device reliability. See SLIC Packaging Considerations 
section for more information. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may effect device 
reliability. 



I N A R Y 

OPERATING RANGES 

Commercial (C) Devices 

Ambient Temperature 0°C to +70°C 

Vcc 4.75 V to 5.25 V 

Vee -^.75 V to -5.25 V 

Vbat -40 V to -63 V 

AGND/DGND V 

BGND with respect to 

AGND/DGND -100 mV to +100 mV 

Load Resistance on V ra to Ground .... 10 Kohm Min 

"-2" performance grade SLICs are functional from -40°C to 
+85°C. See the SLIC Extended Temperature Supplement for 
information on industrial temperature range (-40°C to +85°C) 
specifications. 

Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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(si 


.ECTRICAL CHARACTERISTICS over operating range 

se Note 1) 


D 


escription 


Test Conditions 


Preliminary 


Unit 


P.G.* 


Min 


Typ 


Max 


A 


nalog (Vtx) Output Impedance 








3 




ohm 


A 


nalog (V re ) Output Offset 




-1 


-35 
-30 




+35 
+30 


mV 


Analog (RSN) Input Impedance (Note 5) 


300 Hz to 3.4 kHz 






1 


20 


ohm 


Longitudinal Impedance at AX or BX 




35 


Overload Level 

Z2WIN = 600 to 900 ohms (Note 2) 


four-wire 




-3.1 




+3.1 


Vpk 


two-wire 


-6.0 




+6.0 


T 


ransmission Performance, two-wire impedance 


T 

(! 


«o-Wire Return Loss 
>ee Test Circuit D) 
Jotes 5, 14) 


300 Hz to 500 Hz 
500 Hz to 2500 Hz 
2500 Hz to 3400 Hz 




26 
26 
20 






dB 


Longitudinal Balance (two-wire and four-wire, see Test Circuit C) 


R 
L 


t= 600 ohms, Longitudinal to Metallic 
T, L-4 (normalized to unity gain) 


300 Hz to 3400 Hz 


-1 


48 
52 






dB 


L 
L 
(f 


sngitudinal to Metallic L-T and 

4 (normalized to unity gain) 

or trimmed version consult factory) 


200 Hz to 1000 Hz 
1000 Hz to 3400 Hz 
200 Hz to 3400 Hz 
(Reverse Polarity 


-2** 


63 
58 

54 


70 
70 




L 


sngitudinal Signal Generation 4-L 


300 Hz to 800 Hz 
300 Hz to 800 Hz 


-1 


40 
42 






dB 


L 

p 


sngitudinal Current Capability 
ar Wire (Note 5) 


Active State 






25 




mA 
RMS 


Disable State 






18 




Ir 


sertion Loss (see Test Circuits A and B) 


T 


wo-Wire to Four-Wire 


V 4B = dBm, 1 kHz 


-1 


5.70 
5.75 


5.85 


6.00 
5.95 


dB 


F 


our-Wire to Two-Wire 


Vrx = dBm, 1 kHz 


-1 


-0.15 
-0.1 




+0.15 
+0.1 


dB 


Ir 


sertion Loss versus Frequency (see Test Circuits A and B) 


T 
F 


wo-Wire to Four-Wire or 
our-Wire to Two-Wire 


300 Hz to 3400 Hz 
Relative to 1 kHz 




-0.1 




+0.1 


dB 




ain Tracking (see Test Circuits A and B) 


Two-Wire to Four-Wire or 
Four-Wire to Two-Wire (Note 5) 


+7 dBm to -55 dBm 
Reference: dBm 




-0.1 




+0.1 


dB 



Balance Return Signal (four-wire to four-wire, see Test Circuit B) 



Gain Accuracy (Note 3) 


dBm, 1 kHz 


-1 


-6.00 
-5.95 


-5.85 


-5.70 
-5.75 


dB 


Va 


riation with Frequency (Notes 3, 5) 


300 Hz to 3400 Hz 
Relative to 1 kHz 




-0.1 




+0.1 


dB 


Ga 


in Tracking (Note 5) 


+3 dBm to -55 dBm 
Reference: dBm 




-0.1 




+0.1 


dB 


Gr 


Dup Delay (Notes 5, 15) 


F = 1 kHz 






5.3 




US 



*P.G. = Performance Grade 

"All other performance parameters equivalent to -1 grade. 
Normal Polarity only. 
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ELECTRICAL CHARACTERISTICS (continued) 







Preliminary 




Description 


Test Conditions 


P.G. 


Min 


Typ 


Max 


Unit 



Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B) 



Total Harmonic Distortion 


dBm, 300 Hz-3.4 kHz 
+9 dBm, 300 Hz-3.4 kHz 






-64 
-55 


-50 
-40 


dB 


Total Harmonic Distortion 
With /Metering 


See Notes 5 and 1 1 








-35 


dB 



Idle Channel Noise 



C-Message Weighted Noise 


two-wire 


-1 




+7 
+7 


+15 
+12 


dBrnC 


(Notes 5, 7) 


four-wire 


-1 




+3 
+3 


+10 
+7 


dBmC 


Psophometric Weighted Noise 


two-wire 


-1 




-83 
-83 


-75 
-78 


dBmp 


(Note 7) 


four-wire 


-1 




-87 
-87 


-80 
-83 


dBmp 


Psophometric Idle Channel Noise 
with Metering (Notes 5 and 12) 


two-wire 
four-wire 








-46 
-52 


dBmp 



Single Frequency Out-of-Band Noise (see Test Circuit E) 



Metallic 


(Notes 4, 5, 9) 


4 kHz to 9 kHz 






-76 




dBm 


(Notes 4, 5, 9) 


9 kHz to 1 MHz 




-76 




(Notes 4, 5) 


256 kHz and harmonics 




-57 




Longitudinal 


(Notes 4, 5, 9) 


1 kHz to 15 kHz 






-70 




dBm 


(Notes 4, 5, 9) 


Above 15 kHz 




-85 




(Notes 4, 5) 


256 kHz and harmonics 




-57 





Line Characteristics (see Figures 1a, 1b, 1c) Battery = -48 V, R L = 600 and 900 ohms, Rfeed = 800 ohms 



Apparent Battery Voltage 


Active Mode 




47 


50 


53 


V 


Loop Current Accuracy 


Active Mode 


-7.5 




+7.5 


% 


Loop Current — Tip Open 


R L = 600 ohms 






1.0 


Loop Current — Open Circuit 


Rl= ohms 






1.0 


Loop Current Limit Accuracy (Note 10) 


Disable Mode 
Active Mode 




-20 




+20 


% 


Fault Current Limit, Ilum (Ux + Ibx) 


AX and BX shorted 
to ground 








130 


mA 


Powe 


r Dissipation Battery = -48 V, Normal Polarity 


On-Hc 


ok Open Circuit 




-1 




35 
35 


120 
80 


mW 


On-Hc 


ok Disable Mode 




-1 




135 
135 


250 
200 


On-Hook Active Mode 




-1 




200 
200 


400 
300 


Off-Hook Disable Mode 


Rl= 600 ohms 






500 


750 


Off-Hc 


ok Active Mode 


Rl= 600 ohms 






650 


1000 
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AMD 



Description 


Test Conditions 


Preliminary 


Unit 


P.G. Min Typ Max 


S 


jpply Currents 


V 


x On-Hook Supply Current 


Open Circuit Mode 
Disable Mode 
Active Mode 






3.0 
6.0 
7.5 


4.5 
10.0 
12.0 


mA 


V 


:E On-Hook Supply Current 


Open Circuit Mode 
Disable Mode 
Active Mode 




1.0 
2.2 
2.7 


2.3 
3.5 
6.0 


mA 


V 


sat On-Hook Supply Current 


Open Circuit Mode 
Disable Mode 
Active Mode 




0.4 

3.0 
4.0 


1.0 
5.0 
6.0 


mA 


p 


awer Supply Rejection Ratio (Vripple = 50 mV RMS) 


V 


X 

otes 6, 7) 


50 Hz to 3400 Hz 




25 
30 


45 
45 




dB 


3.4 kHz to 50 kHz 




22 
25 


35 
35 




dB 


V 


E 

otes 6, 7) 


50 Hz to 3400 Hz 




20 
25 


40 
40 




dB 


3.4 kHz to 50 kHz 




10 
10 


25 
25 




dB 


V 


JAT 

lotes 6, 7) 


50 Hz to 3400 Hz 




27 
30 


45 
45 




dB 


3.4 kHz to 50 kHz 




20 
25 


40 
40 




dB 





ff-Hook Detector 


c 


urrent Threshold Accuracy I DE t = 365/R D Nominal -20 


+20 % 


G 


round-Key Detector Thresholds, Active Mode, Battery = -48 V (see Test Circuit F) 


G 


round-Key Resistance Threshold 


B(Ring) to GND 




2.0 


5.0 


10.0 


Kohm 


Ground-Key Current Threshold (Note 8) 


B(Ring) to GND 






9 




mA 


Midpoint to GND 






9 





Ring Trip Detector Input 



Bias Current 






-5 


-0.05 




uA 


Offset Voltage (Note 13) 


Source Resistance 
Oto 2 Mohms 




-50 





+50 


mV 


Logic Inputs (C, C 2 , C 3 , C, E , E,, and CHCLK) 


Input High Voltage 






2.0 






V 


Input Low Voltage 








0.8 


V 


Input High Current 




-75 




40 


uA 


Inp 


Jt Low Current 




-0.4 






mA 


Lo( 


jic Output (DET) 


Output Low Voltage 


Iout = 0.8 mA 








0.4 


V 


Output High Voltage 


Iout = -0.1 mA 


2.4 






V 
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SWITCHING CHARACTERISTICS 
Am79M570/Am79M574 





Parameter 


Test Conditions 


Min 


Typ 


Max 


Unit 


tgkde 


Ei High to DET High (6=1) 
E, High to DET Low (Eo = 1 ) 


Ground-Key Detect Mode 
Rl Open, Rg Connected 
(see Test Circuit G) 






3.8 
1.1 


RS 


tshde 


E, Low to DET Low (E = 1 ) 
Ei Low to DET High (Eo = 1 ) 








1.2 
3.8 


us 


tshdc 


Eo High to DET Low (E, = 0) 


Switch Hook Detect Mode 
R L = 600 ohms, R Q Open 
(see Test Circuit H) 






1.1 


us 


tshdC 


Eo Low to DET High (E, = 0) 






3.8 


tgkdc 


EoHigh to DET Low (E, = 1) 








1.1 


us 


tgkdC 


Eo Low to DET High (E, = 1) 








3.8 



Table 1.SLIC Decoding 







DET Output 














E. = 1* 


Eo=1* 




State 


c 


c 2 


c, 


Two-Wire Status 


E, = 


E, = 1 
















Open Circuit 


Ring Trip 


Ring Trip 




1 








1 


Ringing 


Ring Trip 


Ring Trip 




2 





1 





Active 


Loop Det. 


Ground Key 




3 





1 


1 


Disable 


Loop Det. 


Ground Key 


4 


1 








Tip Open 


Loop Det. 






5 


1 





1 


Reserved 


Loop Det. 








1 


1 





Active Polarity Reversal 


Loop Det. 


Ground Key 




7 


1 


1 


1 


Disable Polarity Reversal 


Loop Det. 


Ground Key 



"For the Am79M570 and Am79M574 logic Low on E disables the DET output into the open-collector state. 
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SWITCHING WAVEFORMS 
Am79M570/Am79M574 



E, to DET 
Ei 

DET 



f 



J 



f 



/ \ 



-//- 



r 



tgkde 



tshde 



tgkde 



tshde 



E to DET 



V/- 



f 



DET 



J 



v/- 



tshdd 



No e: All delays measured at 1 .4-V level. 



tshdO 



tgkdd tgkdO 
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Relay Driver Specifications 

Am79M570/Am79M574 




Am79M574 
BGND 



RINGOUT 




TESTOUT 



11701A-30 



Description 


Test Conditions 


Min 


Typ 


Max 


Unit 


Relay Driver Outputs (RINGOUT, TESTOUT) 


On Voltage 


50 mA Source 


BGND -2 


BGND-0.95 




V 


Off Leakage 






0.5 


100 


uA 


Clamp Voltage 


50 mA Sink 


Q.mt-2 






V 



Notes: 

1 . Unless otherwise noted, test conditions are: Battery = -48 V, Vcc = +5 V, Vee = -5 V, Rl = 600 ohms, C H p = 0.22 u.F, Root = 
Roc2 = 20K, Cdo = 0.1 |iF, R d = 51 .1 K, no fuse resistors, two-wire AC output impedance, programming impedance (Z T ) = 306K 

' = 300K resistive. (See Table 2 for component formulas.) 



resistive, receive input summing impedance (Zrx) 
erload level is defined when THD = 1%. 

3. Balance return signal is the signal generated at Voc by Vrx. This spec assumes that the two-wire AC load impedance matches 
the impedance programmed by Z T . 

4. These tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 300 ohms for frequencies 
below 12 kHz and 135 ohms for frequencies greater than 12 kHz. These tests are extremely sensitive to circuit board layout. 

5. Not tested in production. This parameter is guaranteed by characterization or correlation to other tests. 

6. This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization. 



7. When the SLIC is in the Anti-sat 2 operating region, this parameter will be degraded. The exact degradation will depend on 
system design. The Anti-sat 2 region occurs at high loop resistances when | Vmt I - I V«< - Vbx I is less than approximately 
17V. 

8. "Midpoint" is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and B(RING). 

9. Fundamental and harmonics from 256-kHz switch-regulator chopper are not included. 
1 0. Loop-current limit which depends upon the programmed apparent open circuit voltage and the feed resistance is calculated as 

V« 

In Disable mode: luurr = 0.5 ■ 



follows: 



In Active mode: Iumt = 0.8 



Rfeed 

Vapparant 



Rf, 



11. 



12 



Total harmonic distortion with metering as specified with a metering signal of 2.2 VRMS at the two-wire output, and a transmit 
signal of +3 dBm or receive signal of -4 dBm. The transmit or receive signals are single-frequency inputs, and the distortion is 
measured as the highest in band harmonic at the two-wire or the four-wire output relative to the input signal. 

Noise with metering is measured by applying a 2.2-VRMS metering signal (measured at the two-wire output) and measuring 
the psophometric noise at the two-wire and four-wire outputs over a 200-ms time interval. 

13. Tested with ohms source impedance. Two Mohms is specified for system design purposes only. 

14. Assumes the following Z T network: Vtx VvV— — i 'WV RSN 

153K i 153K 



56 pF 

15. Group delay can be considerably reduced by using a Z T network such as that shown in Note 1 4. The network will 
reduce the group delay to less than 2 u.s. The effect of group delay on linecard performance may be compensated for 
by using the SLAC or DSLAC devices. 
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Table 2. User-Programmable Components 



= 510(Z2w,n-2Rf) 



Zt is connected between the Vtx and RSN pins. The fuse 
resistors are R F , and Zzwin is the desired two-wire AC input impedance. When 
computing Z T , the internal current amplifier pole and any external stray capaci- 
tance between Vtx and RSN must be taken into account. 



Zrx = 



1 000 Zt 



G42L Zt + 510(Zl+2R f ) 



Zrx is connected from Vrx to the RSN pin and Z T is defined above and G42L is 
the desired receive gain. 



Rdci + Rdc2 = 50(Rfeeo— 2Rf) 

Cdc =(1.5 ms)(Roci + Rdc2)/(RdciRoc2) 



Rdci, Rdc 2 , and Coo form the network connected to the 
pin. Rod and Rdc2 are approximately equal. 



Rdc 



Ro = 365/It, Co = 0.5ms/R D 



Rd and Co form the network connected from Ro to -5 V, and It is the threshold 
current between on-hook and off-hook. 



V M2 » 



K, (co)Zl Zt 



Z u is connected from Vmg (metering source) to the RSN 
pin, Vm2v» is the desired magnitude of the metering signal at the two-wire output 
(usually 2.2 VRMS) and Ki (co) is defined below. 



Z T + 0.51 ■ K, (co) (2R F + Z L ) 



K,(co) = 



1000 



1 + jco (1 1.5 10-" + CX/2) (36 + Z l + 2Rf) 

where: CX = The values of the identical capacitors from AX and BX to ground 
co = 271 x metering frequency 



50 



Vax-Vbx 
(Volts) 















Anti-Sc 


t2 


Anti-s 


at 1 












Constar 


t Resista 


ice Feed 



























Vbat = -47.3 V 

Roc, + Ro02= Roc= 40K 



II (mA) 



60 



Constant resistance feed region: Vax-bx = 50 - 



50 



Anti-sat 1 region: Vax-bx = 39- „„ l L 
1 u^.o 

Anti-sat 2 region: Vax-bx = 1.003 I V» T | -15.3-( .01 + , l 

\ 834 / 



See Figure 1c. 



11701B-019 



Figure 1a. Load Line (Typical) 
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50 



.(mA) 



R L (n) 



3000 



Load Current vs Load Resistance 

Vbat= -47.3 V 

Rdc = 40K 
See Figure 1c. 



Figure 1b. Feed Characteristics (Typical) 



11701B-020 




Feed resistance programmed by Rdoi and Rdc2. 



Figure 1c. Feed Programming 



11701B-021 
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TEST CIRCUITS 




. (TIP) 


AX Vtx 
(TIPX) 


















SLIC 




: Rt r 


AB - 




AGND 




— vsa* — 1\, 

Q 






BX RSN 
(RINGX) 




Rrx ~V 




B 





Il« = -20 log(V,x/V„) 



A. Two-to-Four Wire Insertion Loss 



(RING) 

l L « = -20 log (V»b / Vrx) brs = 20 1 



B. Four-to-Two Wire Insertion Loss and Balance 
Return Signal 




51 closed, S 2 open and 1/coC « R L : 

L-T Long. Bal. = -20 log (^*f) 

L-4 Long. Rej. = -20 log ( ^ 
S 2 R m V G " E / 

5 2 closed, Si open: 
^ Vrx 4-L Long. Sig. Gen. = -20 log ^y~^ 

C. Longitudinal Balance (IEEE) 



Zo. The desired impedance; for example, the 
characteristic impedance of the line. 



R L = 20 ,og(-^L) 



11701B-022 



D. Two-Wire Return Loss Test Circuit 
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TEST CIRCUITS (continued) 



68 n c 

r-WV — |f- 



56 n 







68 n c 

Umt- ||- 



AX 

(TIPX) 



SLIC 



BX 

(RINGX) 



1/coC « 90 £} 



E. Single-Frequency Noise 



Rl 

^WV A(TIP) 



Sm 



Rl 



B(RING) 



R a 



Current Feed and Ground Key 
F. Ground-Key Detection 



Rl = 600 ohms 



Ra = 2K 




15pF 



15772A-017b 



G. Ground-Key Switching 



H. Loop Detector Switching 
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High-Level Metering Subscriber Line Interface Circuit 



Advanced 
Micro 
Devices 



DISTINCTIVE CHARACTERISTICS 

Programmable constant current feed 

Programmable loop detect threshold 

Ground-key detect 

Low standby power 

Performs polarity reversal 

Various ring and test relay driver 
combinations available 

Supports up to 5.1 -V RMS metering (12 and 
16 kHz) 



Line feed characteristics independent of 
battery variations 

On-chip switching regulator for low power 
dissipation 

Two-wire impedance set by single external 
impedance 

Tip open state for ground start lines 
Current gain = 200 



BLOCK DIAGRAM 



AX(TIPX) 



HPA 



HPB 



BX (RINGX) 



DA 
DB 

VreG 

L 

VBAT 

BGND 



Two-Wire 
Interface 



I Test Relay Driver -O TESTOUT 

i 

<> RINGOUT 



Ring Relay Driver 



Ground-Key 
Detector 



I 



Signal 
Transmission 



Off-Hook Detector 



Power Feed 
Controller 



Ring Trip 
Detector 



Input Decoder 
and Control 



Switching 
Regulator 



C1 
C2 
C3 
C4 
E0 
E1 
DET 

RSN 

Vtx 



-O R D 



-O Rot 

-9 c A! 



CHS Q BAT CHCLK 



Vee AGND/DGND 



15772A-001 



This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 



Publication #: 16814 Rev. A Amendment 10 
Issue Date: June 1892 
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CONNECTION DIAGRAMS 



32-Pin Plastic Leaded Chip Carrier (PL 032) 



tpC 

testout c 

L C 

Vbat C 
Qbat C 
CHS 
CHCLK 

C4 

E1 



H 
Z> 

o 

<3 



a R 

Z Q. 

£ b 

m < 



nnnnnnn 

^ CO <M «- CJ J- O 
• CO CO CO 



5 
6 
7 
8 
9 

q 10 
d 12 

13 



29 □ 
28 □ 
27 □ 
26 □ 
25 □ 
24 □ 
23 □ 
22 □ 
21 □ 



T- T- CM 



TP 

DA 

Rd 

HPB 

HPA 

Vtx 

Vee 

RSN 

AGND/DGND 



u u u u u u u 

O ||— CM CO t- Wo 

m g b 8 p J J 



28-Pin Plastic DIP (PD 028) or 28-Pin Ceramic DIP (CD 028) 



BGND C 


1 • 


28 


□ BX(RINGX) 


V nEa C 


2 


27 


□ AX(TIPX) 


Vcc C 


3 


26 


□ DB 


RINGOUT □ 


4 


25 


□ DA 


LC 


5 


24 


□ Ro 


Vbat C 


6 


23 


□ HPB 


Qbat E 




22 


□ HPA 


CHS □ 


8 


21 


□ Vtx 


CHCLK C 


9 


20 


□ Vee 


E1 C 


10 


19 


□ RSN 


EOC 


11 


18 


□ AGND/DGND 


DETC 


12 


17 


□ Roc 


C2 C 


13 


16 


□ Cas 


C3C 


14 


15 


□ C1 



Notes: 1. Pin 1 is marked for orientation. 

2. TP is a thermal conduction pin tied to substrate (Qbat). 
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ORDERING INFORMATION 
Standard Products 

AMD® standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 



AM79HM53 



TEMPERATURE RANGE 

C*= Commercial (0°C to 70°C) 



PACKAGE TYPE 

J = 32-pin Plastic Leaded Chip Carrier (PL 032) 
P = 28-pin Plastic DIP (PD 028) 
D = 28-pin Ceramic DIP (CD 028) 



1 PERFORMANCE GRADE 

Blank = Standard Specification 
-1 = Performance Grading 
-2 = Performance Grading 

DEVICE NAME/DESCRIPTION 

Am79HM53 

Subscriber Line Interface Circuit 



Valid Combinations 


AM79HM53 


DC, JC, PC 


-1DC, -1JC.-1PC 


-2DC, -2JC, -2PC 



Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD's standard military grade products. 



*The performance specifications contained in this datasheet are valid for the commercial temperature range only. Seethe SLIC 
Extended Temperature Supplement for information on industrial temperature range (-40°C to +85°C) specifications. 
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PIN DESCRIPTION 

AGND/DGND 

Ground 

Analog and Digital ground. 

AXfTIPX) 
(Output) 

Output of A(TIP) power amplifier. 

BGND 
Ground 

Battery (power) ground. 

BX (RINGX) 
(Output) 

Output of B(RING) power amplifier. 
C3-C1 

Decoder (Inputs) 

TTL compatible. C3 is MSB and C1 is LSB. 
04 

Test Relay Driver Command (Input) 

TTL compatible. A logic Low enables the driver. 

CHCLK 

Chopper Clock (Input) 

Input to switching regulator (TTL compatible). Fre- 
quency = 256 kHz (Nominal). 

CHS 

Chopper Stabilization (Input) 

Connection for external chopper stabilizing 
components. 

DA 

Ring Trip Negative (Input) 

Negative input to ring trip comparator. 

DB 

Ring Trip Positive (Input) 

Positive input to ring trip comparator. 

DET 

Switch Hook Detector (Output) 

When enabled, a logic Low indicates that the selected 
detector is tripped. The detector is selected by the logic 
inputs (C3-C1, EO, E1). The output is open-collector 
with a built-in, pull-up resistor. 



EO 

Read Enable (Input) 

A logic High enables DET. A logic Low disables DET. 
E1 

Ground-Key Enable (Input) 

When EO is High, E1 = High connects the ground-key 
detector to DET, an d E1 = Low connects the off-hook or 
ring trip detector to DET. 

HPA 

A(TIP) side of high-pass filter capacitor. 
HPB 

B(RING) side of high-pass filter capacitor. 



Switching Regulator Power Transistor (Output) 

Connection point for filter inductor and anode of catch 
diode. This pin will have up to 70 V of pulse waveform 
and must be isolated from sensitive circuits. Extreme 
care must be taken to keep the diode connections short 
because of the high currents and high di/dt. 

Qbat 

Quiet Battery 

Filtered battery supply forthe signal processing circuits. 

Rd 

Threshold modification and filter point for the off-hook 
detector. 



Connection point forthe DC feed current programming 
network. The other end of the network connects to 
the receiver summing node (RSN). The sign of Vrdc 
is minus for normal polarity and plus for reverse polarity. 

RINGOUT 

Ring Relay Driver (Output) 

Open collector driver with emitter internally connected 
to BGND. 

RSN 

Receive Summing Node (Input) 

The metallic current (both AC and DC) between A(TIP) 
and B(RING) is equal to 200 times the current into this 
pin. The networks which program receive gain, two-wire 
impedance, and feed current all connect to this node. 
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TESTOUT 

Test Relay Driver (Output) 

Open collector driver with emitter internally connected 
to BGND. 

Vb»t 

Battery supply. 

Vcc 

+5-V power supply. 

Vee 

-5-V power supply. 

VreO 

Regulated Voltage (Input) 

Provides negative power supply for power amplifiers. It 
also provides a connection point for inductor, filler 
capacitor, and chopper stabilization. 



Vtx 

Transmit Audio (Output) 

This output is a unity gain version of the AX(TIPX) and 
BX(RINGX) metallic voltage. The other end of the two- 
wire input impedance programming network connects 
here. 

Cas 

Reference Filter Capacitor 

A capacitor should be connected between this pin and 
AGND to filter internal reference voltages. 
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FORMAT ION 

OPERATING RANGES 

Commercial (C) Devices 

Ambient Temperature 0°C to +70°C 

Vcc 4.75 V to 5.25 V 

Vee -4.75 V to -5.25 V 

Vb*t -54V to -63 V* 

AGND/DGND OV 

BGND with respect to 

AGND/DGND -100 mV to +100 mV 

Load Resistance on Vtx to Ground .... 10 Kohm Min 

'Can be used without switching regulator components in this 
range of battery voltages provided maximum power dissipa- 
tion specifications are not exceeded. 

"-2" performance grade SLICs are functional from -40°C to 
+85°C. See the SLIC Extended Temperature Supplement for 
information on industrial temperature range (-40°C to +85°C) 
specifications. 

Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 



ABSOLUTE MAXIMUM RATINGS 

Storage Temperature -55°C to +150°C 

Vcc with respect to AGND/DGND . . -0.4 V to +7.0 V 

Vee with respect to AGND/DGND . . +0.4 V to -7.0 V 

V M t with respect to AGND/DGND . . . +0.4 V to -70 V 

Note: Rise time of Vbat (dv/dt) must be limited to 27 V/us or 
less when Qbat bypass = 0.33 u.F. 

BGND with respect to 

AGND/DGND +1 .0 V to -3.0 V 

AX(TIPX) or BX(RINGX) to BGND: 

Continuous -70 V to +1 .0 V 

1 ms (F = 0.1 Hz) -70 V to +5.0 V 

1us(F = 0.1Hz) -90Vto+10V 

250ns(F = 0.1 Hz) -120 V to +15 V 

Current from AXfTIP) or BX(RING) +150 mA 

Voltage on RINGOUT .... BGND to 70 V above Qbat 

Voltage on TESTOUT .... BGND to 70 V above Qbat 

Current through Relay Drivers 60 mA 

Voltage on Ring Trip Inputs 

(DA and DB) V MT to0V 

Current into Ring Trip Inputs ±10 mA 

Peak Current into Regulator 

Switch (L pin) 150 mA 

Switcher Transient Peak Off 

Voltage on L pin +1 .0 V 

C4-C1.E0, E1,CHCLKto 

AGND/DGND -0.4 V to Vcc + 0.4 V 

Maximum Power Dissipation, Ta (see note) . . . 70°C 

In 28-pin ceramic DIP package 2.58 W 

In 28-pin plastic DIP package 1 .4 W 

In 32-pin PLCC package 1 .74 W 

Note: Thermal limiting circuitry on chip will shut down the 
circuit at a junction temperature of about 165°C. The 
device should never see this temperature and opera- 
tion above 145°C junction temperature may degrade 
device reliability. See SLIC Packaging Considerations 
section for more information. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may effect device 
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■LECTRICAL CHARACTERISTICS (see Note 1) 




Description 


Test Conditions 


Notes 


Preliminary 


Unit 


Min 


Typ 


Max 


Analog (Vrx) Output Impedance 




5 




3 




ohm 




Analog (V™) Output Offset 






-35 




+ 35 


mV 




Analog (RSN) Input Impedance 


300 Hz to 3400 Hz 


5 




1 


20 


ohm 




Longitudinal Impedance at AX or BX 




5 






35 


ohm 




Overload Level 
Z2win = 600-900 ohms 


four-wire 


2 


-3.2 
-11.4 




+ 3.2 
+ 11.4 


Vpk 


two-wire 




Transmission Performance, two-wire impedance (see Test Circuit D) 




Two-Wire Return Loss 


300 Hz to 500 Hz 


5, 11 


26 






dB 


500 Hz to 2500 Hz 


26 






2500 Hz to 3400 Hz 


20 








Longitudinal Balance (Two-wire and Four-wire; see Test Circuit C) 




Longitudinal to Metallic L-T, L-4 
(normalized to unify gain) 


300 Hz to 3400 Hz 




52 


63 




dB 




Longitudinal Signal Generation 4-L 


300 Hz to 800 Hz 




40 


56 




dB 




Longitudinal Current Capability 


Active State 


5 




25 




mA 
RMS 


per Wire 


Disable State 


5 




18 




Insertion Loss (see Test Circuits A and B) 


Two-wire to Four-wire 


V AB =0 dBm, 1 kHz 




10.85 


11 


11.15 


dB 


Four-wire to Two-wire 


Vab=0 dBm, 1 kHz 




-0.15 




+ 0.15 


dB 


Insertion Loss vs Frequency (see Test Circuits A and B) 


Two-wire to Four-wire or 
Four-wire to Two-wire 


300 Hz to 3400 Hz 
Relative to 1 kHz 




-0.1 




+ 0.1 


dB 


Gain Tracking (see Test Circuits A and B) 


Two-wire to Four-wire or 
Four-wire to Two-wire 


+7 dBm to -55 dBm 
Reference: dBm 


5 


-0.1 




+ 0.1 


dB 


Balance Return Signal (Four-wire to Four-wire; see Test Circuit B) 




Gain Accuracy 


dBm, 1 kHz 


3 


-10.85 


-11 


-11.15 


dB 




Variation with Frequency 


300 Hz to 3400 Hz 
Relative to 1 kHz 


3,5 


-0.1 




+ 0.1 


dB 


Gain Tracking 


+3 dBm to -55 dBm 
Reference: dBm 


5 


-0.1 




+ 0.1 


dB 


Group Delay 


f=1 kHz 


5, 13 




5.3 




(IS 




Total Harmonic Distortion (Two-wire to Four-wire or Four-wire to Two-wire; see Test Circuits A and B) 


Without Metering 


OdBm, 

300 Hz to 3400 Hz 


9 




-64 


-50 


dB 


With Metering 


OdBm, 

300 Hz to 3400 Hz 


9, 5 






-35 


dB 


Idle Channel Noise without Metering 


Psophometric Weighted Noise 


two-wire 








-80 


dBmp 


four-wire 






-87 


Psophometric Idle Channel 


two-wire 


5, 9, 
10 






-60 


dBmp 




Noise with Metering 


four-wire 






-70 
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ELECTRICAL CHARACTERISTICS (continued) 



Description 


Test Conditions 


Notes 


Preliminary 


Unit 


Min Typ Max 


Single Frequency Out-Of-Band Noise (see Test Circuit E) 


Metallic 


4 kHz to 9 kHz 


4, 5,8 




-76 




dBm 


9 kHz to 1 MHz 


4, 5, 8 




-76 




256 kHz and Harmonics 


4, 5 




-65 






1 kHz to 15 kHz 


4. 5,8 




-70 




dBm 


Longitudinal 


Above 15 kHz 


4, 5, 8 




-85 




256 kHz and Harmonics 


4,5 




-57 




DC Feed Characteristics with 2x50 ohm Fuse Resistors (see Figures 1a, 1b, and 1c 


; Battery = -60 V 


Active Mode 

Loop Current Accuracy 


Iloop (nominal) = 30 mA 




-7.5 




+ 7.5 


% 


Loop Current 


Rl=1800 ohms 
Battery = -54 V 




19 






mA 


Disable Mode 


Ru = 600 ohms 




13.5 


15 


16.5 


mA 


Tip Open Mode 


R l =600 ohms 








1.0 


mA 


Disconnect Mode 


R L =0 ohms 








1.0 


mA 


Power Dissipation 


On-Hook Open Circuit Mode 








50 


120 


mW 


On-Hook Disable Mode 








150 


250 


mW 


On-Hook Active Mode 








210 


350 


mW 


Off-Hook Disable Mode 


Rl=600 ohms 






620 


850 


mW 


Off-Ho< 


)k Active Mode 


Ri_=600 ohms 






1000 


1200 


mW 


Supply 


Currents 


VccOn 


-Hook Supply Current 


Open Circuit Mode 






3 


4.5 


mA 


Disable Mode 






6 


10 


Active Mode 






7.5 


12 


V EE On 


Hook Supply Current 


Open Circuit Mode 






1.0 


2.3 


mA 


Disable Mode 






2.2 


3.5 


Active Mode 






2.7 


6.0 


Vbat Or 


-Hook Supply Current 


Open Circuit Mode 






0.4 


1.0 


mA 


Disable Mode 






3.0 


5.0 


Active Mode 






4.0 


6.0 


Power 


Supply Rejection Ratio (Vripple = 50-mV RMS) 


Vco 




200 Hz to 3400 Hz 


6 


20 


40 




dB 


3.4 kHz to 50 kHz 


20 


35 




Vee 




200 Hz to 3400 Hz 


6 


20 


35 




dB 


3.4 kHz to 50 kHz 


10 


25 








200 Hz to 3400 Hz 


6 


27 


40 




dB 


V BAT 


3.4 kHz to 50 kHz 


20 


40 




Effective Internal Resistance 


Cas pin to ground 


5 


85 


170 


255 


Kohm 



Off-Hook Detector 

Current Threshold Accuracy | Ioet = 365/Rd (7.14 mA) | | -20 | | +20 | % 
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ELECTRICAL CHARACTERISTICS (continued) 








Preliminary 




Description 


Test Conditions 


Notes 


Min 


Typ 


Max 


Unit 


Ground-Key Detector Thresholds (s 


se Test Circuit F); Active M 


Dde; Battery = -60 V 








Ground-Key Resistance Threshold 


B(Ring) to ground 




2.0 


6 


12.0 


Kohm 


Ground-Key Current Threshold 


B(Ring) to ground and 
Midpoint to ground 


7 




9 




mA 


Ring Trip Detector Input 


Bias Current 






-5 


-0.05 




uA 


Offset Voltage 


Source Resistance 
= to 2 Mohm 


12 


-50 





+50 


mV 


Logic Inputs (C1, C2, C3, C4, EO, E1, and CHCLK) 


nput High Voltage 






2.0 






V 


nput Low Voltage 










0.8 


V 


Input High Current 






-75 




40 


uA 


Input Low Current 






-0.4 


-0.2 




mA 


Logic Output (DET) 


Output Low Voltage 


lour =0.8 mA 








0.4 


V 


Output High Voltage 


Iout=-0.1 mA 




2.4 






V 



10 



11 



12. 



Unless otherwise noted, test conditions are: Battery = -60-V battery applied to Vbat pin through a surge protection diode, 
Vco = +5 V, Vee = -5 V, R L = 600 ohms, Chp = 0.33 uF, Rdci = R D c 2 = 8.33K, C D o = 0.39 U.F, Ri = 51 .1 K, no fuse resistors, two- 
wire AC output impedance programming impedance (Zt) = 33.84K resistive, receive input summing impedance (Zta) = 59.9K 
resistive (see Table 2 for component formulas). 

Overload level is defined when THD = 1%. 

Balance return signal is the signal generated at Vtx by Vnx. This specification assumes the two-wire AC load impedance 
matches the impedance programmed by Z T . 

These tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 300 ohms for frequencies 
below 12 kHz and 135 ohms for frequencies greater than 12 kHz. These tests are extremely sensitive to circuit board layout. 
Not tested in production. This parameter is guaranteed by characterization or correlation to other tests. 
This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization. 
"Midpoint" is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and B(RING). 
Fundamental and harmonics from 256-kHz switch regulator chopper are not included. 

Total harmonic distortion and noise with 1 6-kHz metering is specified with the two-wire output (AX, BX) loaded with the imped- 
ance shown below with a 5.1-V RMS metering signal across Zco and a transmit signal of +0 dBm or receive signal of dBm 
(600 ohms). The transmit or receive signals are single-frequency inputs, and the distortion is measured as the highest in-band 
harmonic at the two-wire or the four-wire output relative to the input signal. 

115 nF 

O-VK WV— L-VVV- 1 — VW-o 



50 n 

Rf 



220 n 820 n 



50 n 



Zee ■ 



Noise with metering is measured by applying a 5.1 -V RMS metering signal (measured at the two-wire output) and measuring 
the psophometric noise at the two-wire and four-wire outputs over a 200-ms time interval. 



Measured using the following Z T network: 



Vtx 



1 6.92 K 

— Wv- 



16.92 K 

-wv- 



RSN 



T 120 pF 

Tested with ohms source impedance. Two Mohms is specified for system design purposes only. 



1 3. Group delay can be considerably reduced by using a Z T network such as that shown in Note 1 1 above. The network will 
reduce the group delay to less than 2 us. The effect of group delay on linecard performance may be compensated for 
by using the SLAC or DSLAC devices. 
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RELAY DRIVER SPECIFICATIONS 



V 

BGND 



RINGOUT 



V 

BGND 



TESTOUT 



Description 



Test Conditions 



Preliminary 
Min | Typ ~J 



Max 



Unit 



Relay Driver Outputs (RINGOUT, TESTOUT) 



On Voltage 


25-mA Sink 








+ 1.5 


V 


On Voltage 


50-mA Sink 








+2.0 


V 


Off Leakage 


Voh= +15V 




0.1 




100 


uA 



RELAY DRIVER CHARACTERISTICS (Typical) 



■3 
S 



8, 

c 

cr 
15 



5 




30 



60 



Current into RINGOUT or TESTOUT (mA) 
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Table 1. SLIC Decoding 





DET Output 


State 


C3 C2 C1 


Two-Wire Status 


E0 = 1*, E1 = 


EO = 1*, E1 = 1 








Open Circuit 


Ring Trip 


Ring Trip 


1 


1 


Ringing 


Ring Trip 


Ring Trip 


2 


1 


Active 


Loop Det. 


Ground Key 


3 


1 1 


Disable 


Loop Det. 


Ground Key 


4 


1 


Tip Open 


Loop Det. 




5 


1 1 


Reserved 


Loop Det. 




6 


1 1 


Active Polarity Reversal 


Loop Det. 


Ground Key 


7 


1 1 1 


Disable Polarity Reversal 


Loop Det. 


Ground Key 



*A logic Low on EO disables the DET output into the open-collector state. 

SWITCHING CHARACTERISTICS 



Parameter 



Test Conditions 



Min 



Typ 



Max 



Unit 



E1 High to DET High 
E1 High to DET Low 



Ground-Key Detect Mode 
EO = 1 (see Test Circuit H) 



3.8 
1.1 



(is 



tshde 



E1 Low to DET Low 
E1 Low to DET High 



Switch Hook Detect Mode 
EO = 1 (see Test Circuit G) 



1.2 
3.8 



U.S 



tshdd EO High to DET Low 

tshdO EO Low to DET High 



Switch Hook Detect Mode 
E1 = (see Test Circuit G) 



1.1 
3.8 



US 



tgkdd 



EO High to DET Low 
EO Low to DET High 



Switch Hook Detect Mode 
E1 = 1 (see Test Circuit G) 



1.1 
3.8 



us 



SWITCHING WAVEFORMS 



E1 to DET 
E1 

DET 



r 



V/- 



r 



tshde 



tgkde 



r 



tshde 



15772A-012 



EO 



to DET 
E1 

EO 
DET 



tshdd 



S/- 



tshdO 



tgkdd 



tgkdO 



Note: All delays measured at 1.4-V level. 



15772A-013 
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Table 2. User-Programmable Components 



Zt = 



56.4 (Z2win-2R f ) 



Zt is connected between the V™ and RSN pins. The fuse resistors 
are Rf and Zthiu is the desired two-wire AC input impedance. When com- 
puting Zt, the internal current amplifier pole and any external stray 
capacitance between Vtx and RSN must be taken into account. 



Z„x 



200 Zt 



G42L Zt + 56.4(Zl + 2Rf) 



Zrx is connected from V RX to the RSN pin, Zt is defined above, and G42L 
is the desired receive gain. 



Roci 

CdC ! 



+ Rdc2= 10(Rfeed-2Rf) 

RdCI + RdC2 



(1.5 ms). 



RdC1 Rdi 



Roci, Rdc2, and Coc form the network connected to the Roc pin. Rdci and 
Roc2 are approximately equal. 



Rd = 365/It, Co = 0.5 ms/Ro 



Ro and Co form the network connected from R D to -5 V, and l T is the 
threshold current between on-hook and off-hook. 



Z„ = 



Vmg 

Vm2W 



K1 (co)Zl.Zt 



Zt + 0.282.K1 (co) (2Rf + Z l ) 



Zm is connected from Vug (metering source) to the RSN pin, V M2 w is the 
desired magnitude of the metering signal at the two-wire output, and 
K1 (co) is defined below. 



K1 (co) 



200 



1 + jco (1 1 .5 . 1 0" 9 + CX/2) (36 + Zl+ 2Rf) 
CX=The values of the identical capacitors from AX and BX to ground; a = 2n x metering frequency 



C«s=1/10 5 nfc 



Cas is the regulator filter capacitor and fc is the desired filter cut-off 
frequency. 



FEEI 

R.DC1 + 

50 



CHARACTERISTICS (typical) 

Rdc2=Rdc = 16.67K (see Figure 1c); Rfa = Rfb = 50 ohms 



> 

m 




40 



< 



















































































Be 


tterj 




































E 


Jattery = 


-5A 


V 

































































II (mA) 
Figure 1a. Vab vs II 



40 



R L (n) 
Figure 1b. I L vs R L 



6000 



Current programmed by Rdci and R D c2. 



Rfb 



AX 


RSN 


SLIC 




BX 


Roc 



Roci 



RoC2 _ C| 



Figure 1c. Feed Programming 
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TEST CIRCUITS 



Rt 
126.5' 

Rt 
126.5 



AX Vt, 
(TIPX) 



SLIC 

AGND 



BX 
(RINGX) 



RSN 



Rrx 

-AAA/ — | 



IL« = -20 log(VTx/V AB ) 




A. Two-to-Four Wire Insertion Loss 



IU-2 = 20 log (V.b / Vw) 
BRS = 20 log (Vtx/Vrx) 



B. Four-to-Two Wire Insertion Loss and Balance Return Signal 



1/coC « R L 
S1 



i—vwH 

_Rj_ 

2 




C 

'OH v L 



2 

L - J WV-| 



AX Vt, 
(TIPX) 




BX 

(RINGX) 



S2 Open, S1 Closed: 
L-T Long. Bal. = 20 log (V» B /E) 
L-T Long. Rej. = 20 log (V™/ E) 

S2 Closed, S1 Open: 
4-L Long. Sig. Gen. = 20 log (Vl/Vbx) 



Zd: The desired impedance (e.g., the character- 
istic impedance of the line). 

Return Loss = 20 log (2V U /V S ) 



C. Longitudinal Balance (IEEE) D. Two-Wire Return Loss Test Circuit 
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TEST CIRCUITS (continued) 



i-^wv )1- 



56 ohms 
r-AMr- 



68 ohms 



IDC 



68 ohms 

-VA )\- 



AX(TIPX) 



SLIC 



BX(RINGX) 



1/coC « 90 ohms 
E. Single-Frequency Noise 



Rl 

-WV— A(TIP) 



S M S Rl 

WV — B(RING) 



Current Feed or Ground Key 
F. Ground-Key Detection 



R L =600 ohms 



6.2K 

-AAA/ — i 



A(TIP) 


DET 




E0 


B(RING) 


E1 



T 



15pF 



G. Loop Detector Switching 



R G = 2K < 



H. Ground-Key Switching 



15772A-017b 
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METERING SLIC PRODUCTS 
Application Notes 

The AMD Metering SLIC Family offers a high degree of 
versatility for applications in many types of line circuits. 
In this section, typical single-channel and multiple-chan- 
nel applications are described. 

Figure 1 shows a detailed schematic of a basic single- 
line system using one Am79M5XX series SLIC and one 
Am7901 or Am7905 SLAC IC or one-half of an 
Am79C02 DSLAC IC. The dashed connection lines in 
the schematic show the wiring of the various relay, Uhl 
enabling, and ground-key options available. The TES- 
TOUT, C4, EO, or E1 pins may or may not be present, 
depending on the version used. 

In the receive path, the SLAC IC processes digital PCM 
voice data into analog signals and inputs them to the 
SLIC RSN pin through resistor Rrx. In the transmit 
path, the analog output at the SLIC Vrx pin is processed 
by the SLAC IC and output in serial-digital format to 
the PCM interface. Rrx sets the receive gain, and R T is 
used to synthesize the AC two-wire output impedance. 
Both R T and Rrx can be complex, to achieve optimized 
parameters over the voice band. 

The Metering Filter block represents an external 12- or 
16-kHz low pass or notch filter to reduce the metering 
level in the transmit path, before it can overload the 
SLAC IC input. A suggested metering filter circuit, 
shown in Figure 2 is a notch filter centered at 12 or 16 
kHz. This filter has enough attenuation at the metering 
frequency and does not require an additional cancella- 
tion circuit. 

In the control path, wh en th e line goes off-hook, the 
SLIC pulls its collector DET output down and enables 
the SLAC IC serial control data I/O pins, D m and Dour 
(see Figure 1 ). The microprocessor also recognizes the 
off-hook, and typically will send a response such as 



AMD 



power up or ring relay disable back to the SLIC, via the 
SLAC IC Din pin and the C3-C1 data bus. The C4 line is 
addressed in the same manner, to enable or disable the 
test relay driver. The Eo and El pins are addressed 
directly by the microprocessor as shown. 

SLIC monitor and control functions which can be per- 
formed using a microprocessor and the circuitry shown 
in Figure 1 include: 



• During the disable state, inform the processor when 
an off-hook has occurred and send a power up 
command to the SLIC. 

• Detect an off-hook during ringing and send a 
command to the SLIC to release the ring relay. 

• Detect an on-hook condition during the power up and 
send a command to the SLIC to enter the disable 



• Send a line polarity reverse command to the SLIC. 

• Command the SLIC into the ground-key sense mode 
in versions with a ground-key sense enable pin, E1 . 

• Command the SLIC to energize the ring relay, KD. 

• Command the SLIC to energize the test relay in 
versions with a test relay driver. 

A block diagram describing a typical eight-line system is 
shown in Figure 4. In this application, the processor, 
through the linecard controller, writes or reads control 
data via pins Din and Dout by first pu lling all of the SLIC 
EO pins Low, which places all SLIC DET outputs in the 
ope n state. The microprocessor then takes control of 
the DET/CS bus and enables the desired SLAC IC 
control I/O for reading and writing. In this manner, the 
microprocessor can control and monitor any one of 
the eight-line circuits independently. 
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Ringing 
Source . 




A(TIP) 



Rs 
-'VW 



High Voltage 
T 



► Low Voltage 



C0Tf 
CbT2 



Rf, 



-FT. 



Rh 



r 



D 2 



+15VDC 
Max 



-54V to -70 V 
CO Battery 

X 



Cch! 



Battery 
Ground 

J, 

Analog 
Ground 
A. 

Digital 
Ground 

4 



DA 



Vee 
U1 Vcc 

Am79HM53 
DB SLIC 

Ro 

Vtx 

AGND/ 
DGND 

AX 

< TIPX > RSN 
HPA 

HPB 
BX 

(RINGX) 

RINGOUT 
TESTOUT 

BGND 



C3 
C2 



L 

Vbat 
Qbat 



C1 
C4 
DET 
CHCLK 
E0 
E1 
Cas 



X 



~1 



Rnc, 



Raa 



Metering 
Filter 



Rnx 







Vu 




Metering Injection 


Circuit , 


see Figure 3 


IN 


ENA 



Source 



Veei 

VcCAl 

DGND, 



Vn 

AGND1 

VouT1 



MCLK 



PCLK 
FS 



U2 

1/2 Am79C02 
DSLAC Device 



C3, 
C2, 

C1, 
G4, 
CST 
CHCLK 

DCLK 



DXA 
TSCA 

DXB 
TSCB" 
DRA 

DRB 
Din 

Dour 



2.048-MHz 
Clock 



PCM 
Interface 



6 6 6 6 6 6 



Microprocessor 



Figure 1 . Single Channel of a Dual Channel Metering Subscriber Line Circuit 
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IN O- 

(Vtx) 



RmF3 
RmF4 



rv CMF2 

CmF3 

— If" 



^ Rm 



-O OUT 



RmF 8 ^ 



Figure 2. 16-kHz Metering Notch Filter 



RSN 



M1 

nr 



Rmh 



-O VMG 12/1 6 kHz, 1 VRMS 



Rm!< 

Cmm <t* 



RMI3 



T> CmI2 



AMr-| 



-O VMG Enable 



+5V 




Figure 3. Metering Injection Circuit 
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SLIC 



Subscriber 
Line 1 



A(TIP) 




Vtx 


B(RING) 


Vrx 






Eo 




Ei 




DET 



SLIC 



Subscriber 
Line 8 



Link to Higher- 
Level Processor 



C3-C1 



A(TIP) 
B(RING) 



Eo 
E, 

DET 



< 



C 3 -C, 



Am7901A/B 
Am7905A 
SLACIC1* 



VlN 
VOUT 


DXA 


TSCA 




DXB 
TSCB 

DRA 






DRB 




DoUT 




Dm 


CS 


DCLK 



DXA 



Mm 
Volt 



TSCA 
DXB 



TSCB 

Am7901A/B 
Am7905A 
SLAC IC 8* 

DRA 

DRB 

DoUT 

Dm 
DCLK 



CS 



5' J' YY 



I/O Ports 



Line Card 
Controller 



*1/2 ot an Am79C02 DSLAC IC per line can be used. 

Note: Am790SA combines Din and Dour into a single pin called Dio. 



11701B-O26 



Figure 4. AMD Subscriber Line System Eight-Channel Line Card 
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Table 1. Parts List — 1/2 of a Dual Channel Metering Subscriber Line System 
(See Figure 1 for Circuit) 




Am79MXXX or Am79HM53 SLIC 
Am79C02 DSLAC Device 
Relay, 60-V coil, 2C contacts, 1500-V rating 
Inductor, 1 mH, 5% 
Diode, 100 V, 100 mA, 4 ns 

Dual transient suppressor, Texas Instruments TISP1082A 
, D 2 , D 3 Diode 1 00 V, 1 00 mA, 1 ns 

RFi, RF2 (Am79HM53) Resistor, fuse, 50 ohms 
RF1, RF2 (Am79M53X/57X) Resistor, fuse, 20 ohms 

Resistor, 400 ohms, 3%, 3 W (Ring Feed resistors)* 
Resistor, 249K, 1%, 1/4 W 
Resistor, 205K, 1%, 1/2 W 
Resistor, 1.3K, 1%, 1/4 W 

Resistor, 51 .1 K, 1 %, 1/4 W (sets off-hook threshold)* 
Resistor, 286K, 1%, 1/4 W (sets two-wire impedance)* 
Resistor, 30.1K, 1%, 1/4 W (sets two-wire impedance)* 
Resistor, 560K, 1%, 1/4 W (sets receive gain)* 
Resistor, 140K, 1%, 1/4 W (sets receive gain)* 
Resistor, 31 .25K, 1 %, 1/4 W (sets 40 mA loop current)* 
Resistor, 20K, 1%, 1/4 W (sets 40 mA loop current)* 
Resistor, 8.33K, 1%, 1/4 W (sets 30 mA loop current)* 
Capacitor, 0.43 u.F, 20%, 1 00 V (replace Crti and Cr T 2 by a single 
0.43 |iF capacitor for balanced ringing) 
Capacitor 0.1 u,F, 20%, 10 V 
Capacitor 0.39 uF, 20%, 10 V 
Capacitor, 0.33 uF, 20%, 100 V 
Capacitor, 0.47 uF, 20%, 100 V 
Cax, Cbx (Am79M53X/57X) Capacitor, 2.2 pF, 20%, 100 V 
Cax, Cbx (Am79HM53) Capacitor, 39 nF, 1 0%, 1 00 V 
Cfil Capacitor, 0.47 uF, 1 0%, 1 00 V, Metallized Polyester 

Cbat Capacitor, 0.47 uF, 20%, 1 00 V 

C Q Capacitor, 0.33 uF, 20%, 1 00 V 

Cchi Capacitor, 0.015 uF, 10%, 50 V, X7R ceramic 

Cch2 Capacitor, 560 pF, 1 0%, 1 00 V, X7R ceramic 

Co Capacitor, 0.01 uF, 20%, 10 V (sets off-hook filtering)* 

NoteThe parts marked by an asterisk (*) are user-programmable. The values shown can be altered to suit the application. 



r(Am79M53X/57X) 
(Am79HM53) 
Rrx (Am79M53X/57X) 
Rhx (Am79HM53) 
Rdci, Rdc2 (Am79M53X) 
1, Rdc2 (Am79M57X) 
ci, Rdc2 (Am79HM53) 

T1, CrT2 



(Am79M53X/M57X) 
cc(Am79HM53) 

HP 

Cas 
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Table 2. Parts List for Am79M53X/Am79M57X Metering Notch Filter 





FNOTCH 




12 kHz 


16 kHz 


Rmf 3 Resistor 


5.07K 


4.0K 


1%, 1/4 W 


Rmf* Resistor 


o.oyr\ 


o.oor\ 


1%, 1/4 W* 


Ri.cc R*s*?i*?trjr 
nMFS nesioiui 


22.0K 


22.0K 


1%, 1/4 W* 


Rmfs Resistor 


37.9K 


27.9K 


1%! 1/4 W* 


Rmf7 Resistor 


2.17K 


2.25K 


1%, 1/4 W* 


Rmfs Resistor 


8.84K 


8.84K 


1%, 1/4 W* 


Cmf2 Capacitor 


1.0 nF 


1.0 nF 


5%, 10 V* 


Cmfo Capacitor 


1.0nF 


1.0 nF 


5%, 10 V* 



Table 3. Parts List for 16 kHz Metering Notch Filter for Am79HM53 




(See Figure 2 for Circuit) 


U5 


Operational amplifier, uA 741 or equivalent 


RmF3 


Resistor, 7.32K, 1%, 1/4 W* 


RmF4 


Resistor, 8.91 K, 1%, 1/4 W* 


RmF5 


Resistor, 22.0K, 1%, 1/4 W* 


Rmfs 


Resistor, 22.1K, 1%, 1/4 W* 


R M F7 


Resistor, 35.1K, 1%, 1/4 W* 


RMF8 


Resistor, 8.8K, 1%, 1/4 W* 


CmF2, CmF3 


Capacitor, 1 nf, 5%, COG, 10 V* 




Table 4. Parts List for Metering Injection Circuit 




(See Figure 3 for Circuit) 


Rmm (5.1 V metering) 


Resistor, 3.62K, 1%, 1/4 W* 


Rmm (2.2 V metering) 


Resistor, 8.33K, 1%, 1/4 W* 


Rui2 


Resistor, 200K, 1%, 1/4 W* 


RMI3 


Resistor, 300K, 1%, 1/4 W* 


Rm|4 


Resistor, 300 a, 1%, 1/4 W* 


Cmm 


Capacitor, 220 nF, 1 0%, 1 V* 


C M i2 (16 kHz metering) 


Capacitor, 39 nF, 10%, 10 V* 


C M i2 (12 kHZ metering) 


Capacitor, 51 nF, 10%, 10 V* 


M1 


N Channel MOS transistor, 3N169 or equivalent 


Omi 


Diode, 100 V, 100 mA, 10 ns 


Note: The parts marked by an asterisk (*) are user programmable. The values shown can be altered to suit the application. 
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SLIC Extended Temperature Supplement 

AMD's SLIC products have been characterized over 
the -40° to +85°C. extended temperature range to 
establish their suitability for applications such as Re- 
mote Concentrators, Digital Loop Carriers, Fiber-ln- 
The-Loop and other applications that may be subjected 
to temperature extremes. The -2 performance grade 
SLICs were found to be fully functional over this ex- 
tended temperature range and are recommended for 
such applications. 

Characterization has indicated that a few specifications 
of the SLICs tested for operation between 0° and 70°C. 
may vary beyond data sheet limits. This document iden- 
tifies those specifications and their expected limits in the 



temperature ranges beyond 0°C to 70°C. It also ad- 
dresses other issues associated with extended tem- 
perature operation such as recommended conditions 
for use of SLICs packaged in plastic and system design 
guidelines. 

Note that the specifications in this supplement have 
been determined through characterization to apply to 
AMD's standard commercial grade product. If specifica- 
tions over the -40° to +85° C range or another extended 
temperature range must be guaranteed, and tested at 
the temperature extremes, the customer is asked to 
contact an AMD representative for more information. 



SLIC Family Extended Temperature Information 



SLIC Electrical 
Characteristics 


Test Conditions 


Commerical 
Specification 
0°C to +70°C 


Extended 
Specification 
-40°C to +85°C 


Unit 


Analog (V™) Output Offset 




+/-30 


+/-35 


mV 


Longitudinal Balance (Two-wire and Four-wire, see Test Circuit C) 


Longitudinal to Metallic L-T, 
L-4, RL = 740 ohm 


200 Hz to 1000 Hz, 
Normal Polarity 


63 min 


58 min 


dB 


Insertion Loss (Two-wire to four-wire and four-wire to two-wire, see Test Circuits A and B) 


Gain Accuracy 


dBm, 1 kHz 


+/- 0.1 


+/-0.15 


dB 


Variation with frequency 


300 to 3400 Hz relative to 1 kHz 


+/- 0.1 


+/-0.15 


dB 


Gain Tracking 


+7 dBm to -55 dBm reference: dBm 


+/- 0.1 


+/-0.15 


dB 


Balance Return Signal (Four-wire to Four-wire, see Test Circuit B) 


Gain Accuracy 


dBm, 1 kHz 


+/- 0.1 


+/- 0.15 


dB 


Variation with frequency 


300 to 3400 Hz relative to 1 kHz 


+/- 0.1 


+/- 0.1 5 


dB 


Gain Tracking 


+7 dBm to -55 dBm reference: dBm 


+/- 0.1 


+/-0.15 


dB 



SLIC Switching Characteristics 



Symbol 


Parameter 


Test Conditions 


Commerical 
Specification 
0°C to +70°C 


Extended 
Specification 
-40°C to +85°C 


Unit 


tgkde 


E1 High to DET High 
E1 High to DET Low 


Ground-Key Detect Mode 
E0 = 1 (see Test Circuit G) 


3.8 Max 
1.1 Max 


4.0 Max 
1.6 Max 


|XS 


tshde 


E1 Low to DET Low 
E1 Low to DET High 


Switch Hook Detect Mode 
E0 = 1 (see Test Circuit H) 


1.2 Max 
3.8 Max 


1.7 Max 
4.0 Max 


US 


tshdd 
tshdO 


E0 Low to DET Low 
E0 Low to DET High 


Switch Hook Detect Mode 
E1 = (see Test Circuit H) 


1.1 Max 
3.8 Max 


1.6 Max 
4.0 Max 


us 


tgkdd 
tgkdO 


E0 Low to DET Low 
E0 Low to DET High 


Switch Hook Detect Mode 
E1 = 1 (see Test Circuit H) 


1.1 Max 
3.8 Max 


1.6 Max 
4.0 Max 


US 



Note: The above specifications apply to the -2 SLIC performance grade for all AMD SLIC types. 
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SLIC Packaging Considerations 

Due to the effect of temperature on semiconductor reli- 
ability and the high voltage nature of the SLIC's function, 
power dissipation levels, package types, and the tem- 
perature of the die resulting from those two factors 
should be considered when designing with the SLIC. 
Thermal shutdown circuitry is incorporated into the SLI C 
that will suspend the chip's operation at a junction tem- 
perature of ~165°C. Operation for short periods at a 
junction temperature of up to 145°C should not be a 
problem. However, over extended periods, the SLIC's 
die temperature should be kept under 130°C. 

Since thermal resistance characteristics of different 
package types vary, some packages may be inappropri- 
ate for a particular application depending upon the am- 
bient temperature range required and the power dissi- 
pated by the SLIC. The following analysis is provided to 
help identify appropriate packages for use based upon 
the maximum power dissipation expected in both com- 
mercial and extended temperature applications. 

The table below is based upon a maximum allowable 
junction temperature of 145°C. 145°C is used as the 
design guideline in this analysis rather than 130°C be- 
cause the worst case power dissipation is determined 
under short circuit current conditions which are ex- 
pected to be temporary. Normal operation of a SLIC 
circuit will include a load of at least several hundred 
ohms which will substantially reduce the SLIC's power 
dissipation compared to worst case. If the above recom- 
mendations are followed, the SLIC's junction tempera- 
ture under normal operating conditions should be below 
130°C. 

The letters following the power dissipation numbers on 
the chart refer to the graphs on the following pages. The 
horizontal lines on the graph for a particular SLIC refer 
i the maximum power dissipation recommended for 
ickages offered as shown above. The curves indi- 
ces the maximum SLIC power dissipation expected 
or different values of RDC. After RDC is selected for 
your application, the charts should allow you to easily 
determine which package types are acceptable. 

The worst case power dissipation of a current feed SLIC 
may be determined by the short circuit current limit set 
by the value of RDC. The charts indicate the worst case 
power dissipation expected for AMD's current feed 



SLICs relative to the value chosen for RDC, assuming 
two fuse resistors between ohm and 100 ohm 
(2 x 50 ohm) and a TIP to RING short circuit. The lower 
curve in each chart represents the power dissipation 
with 50 ohm fuse resistors and the upper curve with 
ohm fuse resistors. Also shown on the charts are the 
recommended maximum power dissipation levels for 
various packages. Plastic packaging should be appro- 
priate for most current feed SLICs even over the ex- 
tended temperature range since the short circuit current 
limit is typically set for 30 mA or less. 

In the special case of the Am7943 SLIC due to its power 
management circuitry, worst case power dissipation 
occurs with a Tl P to RING short circuit only when the ex- 
ternal power management resistor is not used. When 
the recommended resistor is used (1 700 ohm), the con- 
ditions for worst case power dissipation will vary de- 
pending on the value of the loop resistance as well as 
RDC. Power dissipation curves for the Am7943 are 
shown versus RDC for several different values of loop 
resistance. 

The worst case power dissipation of a voltage feed SLIC 
may also be determined by the value of RDC, in this 
case the programmed feed resistance, making the 
same fuse resistor assumptions as above and a TIP to 
RING short circuit. The charts below indicate this worst 
case power dissipation relative to the value chosen for 
RDC for the three different types of voltage feed SLICs: 
the Am7957X Family, the Am79M57X Family, and the 
Am7958. 

For example, the Am7958 is designed to meet all 
LSSGR requirements for North American Central Office 
applications, including a long loop battery feed require- 
ment of 20 mA into 1900 ohm. 

In order to accomplish this in a typical application, 
assuming 50 ohm fuse resistors, RDC would be set at 
~4Kohm. The Am7958 power dissipation chart indicates 
that an RDC of 4 Kohm implies a maximum power dissi- 
pation of 1 .13 W. Since 1 .13 W is at the line indicating 
that plastic DIP is acceptable for the commercial tem- 
perature range but above the line for extended tempera- 
ture, plastic DIP should be an acceptable package for 
commercial range applications but ceramic DIP would 
be recommended for extended temperature. 



Package Type 



Theta J/A 



Maximum SLIC 



Maximum SLIC 







power Dissipation for 
+85°C ambient 


power dissipation for 
+70°C ambient 


28-Pin Plastic DIP 


53° cm 


1.13 W (A) 


1.4 W(B) 


32-Pin PLCC 


43°C/W 


1.4 W(B) 


1.74 W(F) 


28-Pin Ceramic DIP 


29°C/W 


2.07 W(C) 


2.58 W (G) 


22-Pin Plastic DIP 


60° C/W est 


1 W(D) 


1.25 W(H) 


22-Pin Ceramic DIP 


50° C/W est 


1.2 W(E) 


1.5 W (I) 
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Key for Charts 



Maximum Power Dissipation 


Symbol on Chart 


Package Type 


Temp Range 


A 


28-Pin Plastic DIP 


Extended 


B 


32-Pin PLCC 


Extended 




28-Pin Plastic DIP 


Commerical 


C 


28-Pin Ceramic DIP 


Extended 


n 






E 


22-Pin Ceramic DIP 


Extended 


F 


32-Pin PLCC 


Commercial 


G 


28-Pin Ceramic DIP 


Commercial 


H 


22-Pin Plastic DIP 


Commercial 


1 


22-Pin Ceramic DIP 


Commercial 



Note: The worst case power dissipation analysis does not apply to fault conditions where TIP and RING are shorted to Battery 
or Ground. 
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INTRODUCTION TO SLAC/DSLAC PRODUCTS 

AMD's Subscriber Line Audio-Processing Circuit (SLAC device) products are a family of programmable codec/filter 
ICs. They handle the analog-to-digital conversion, filtering, compression, digital-to-analog conversion, and expansion 
functions required to interface the analog voice signal from a telephone to the digital "PCM Highway." In addition, the 
SLAC Family devices incorporate a number of programmable digital fitters that allow a linecard's analog characteris- 
tics to be adapted through software to address virtually any set of line conditions. This gives the linecard designer the 
flexibility to create a single hardware design that can satisfy the requirements of multiple markets, or multiple require- 
ments within a market. This, in turn, streamlines manufacturing, helps control inventory and administrative costs, and 
reduces the time required to address new markets. 

The SLAC Family consists of two product types, the SLAC devices and the Dual SLAC (DSLAC) devices. The NMOS 
Am7901 and Am7905 SLAC ICs support a single transmit and receive channel on a linecard, while the CMOS 
Am79C02, Am79C03, and Am79C04 DSLAC ICs are newer dual-channel devices. 

The entire family complies with the most stringent telecommunication standards, such as those set by the CCITT, 
Bellcore, and British Telecom. 

The SLAC Family's programmability resides in digital filters based on Digital Signal Processing (DSP) technology. The 
digital nature of the filters results in high reliability, no drift in filter response over time or temperature, and superior 
transmission performance. The following filters are provided for each channel supported by the SLAC or DSLAC 
devices. 

• The Z and B filters configure feedback paths to accurately cancel the two-wire and four-wire echoes respec- 
tively. This permits optimal two-wire impedance matching and trans-hybrid balance to be achieved. 

• The GX and GR filters allow for programmable gain and loss in the transmit and receive paths. 

• The X and R filters provide for attenuation distortion correction, or may be used for line equalization. 

The DSLAC device features adaptive trans-hybrid balance in addition to the functions provided by the SLAC device. 
This function automatically optimizes the four-wire return loss of the linecard by adapting to actual conditions in the 
field. A more detailed explanation of adaptive balance follows this section. 

On the network side, most of the SLAC Family devices interface directly with the PCM highway and have programma- 
ble time slot assignments, eliminating the need for a special interface chip. The Am79C04 DSLAC features the IOM 2 
interface which multiplexes control and PCM data over a single serial bus. This interface minimizes the amount of 
busing required on the linecard and is also used by many ISDN linecard devices. 

Several test modes are provided by the SLAC Family to support linecard diagnostics including analog loopback, digital 
, cut-off receive path, and high-pass disable. 




Adaptive Balance 



The fundamental problem addressed by the echo control in telephone subscriber linecards is a mismatch in the imped- 
ance characteristics of the two-wire loop and the balancing network. Because of this mismatch , some energy from the 
receive signal is returned to the transmitted signal and becomes an undesirable echo. Conventional echo removal 
uses an echo cancellation circuit in the transmit path with the balancing network fixed to a compromise network (repre- 
senting the average impedance characteristics of a nation's subscriber local loops). 

Instead of an echo cancellation circuit, the AMD DSLAC device uses an advanced adaptive filtering technology to 
remove the echo energy from the transmitted signal. The DSLAC device adaptive B filter is used to cancel the near- 
end echo produced at the four-to-two wire hybrid junction via coefficients found dynamically. The adaptive filter per- 
forms an estimate of the echo path impulse response and creates the echo replica, which is then subtracted so echo 
control is attainable. Thus, the echo cancellation is maintained under various and/or changing local loop conditions. 
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By turning on the adaptation for approximately one second and then turning it off, an adapt and freeze on the B filter is 
implemented. This operation develops the B-filter coefficients needed to optimize trans-hybrid balance. Adapt and 
freeze mode is intended for use in applications such as voice mail systems or PBX, where the loop condition and sub- 
scriber terminal equipment are not changed very often. It can also be used in central office applications on a per line 
basis during the installation/maintenance phase or on a per call basis if a training signal at the beginning of a call is 
considered acceptable. 

The other type of adaptive balance incorporates both adapt and freeze and dynamic adaptive balance that continu- 
ously adjusts for changes in subscriber line conditions due to such factors as temperature variation, stress, or 
aging. Continuous adaptation mode is intended for applications where local loop conditions and customer premise 
equipment are changed frequently and a highly balanced echo return loss needs to be maintained. In this mode, the 
adaptive B filter will be turned on from the beginning of a call and will stay on until the call ends. 
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DISTINCTIVE CHARACTERISTICS 

■ Combination CODEC and Filter 

■ No trimming or adjustments required 

■ Uses digital signal processing 
Six user-programmable digital filters 
Dynamic Time Slot assignment 
Only two external components (non-precision) 
Dual PCM ports 



4.096-MHz, 64-channel expanded mode 
operation 

Built-in test modes 

Microprocessor-compatible Serial Interface 
Control interface to SLIC 
Low standby power 

Selectable A-law, u>law (Am7901 B) or linear, 
A-law(Am7901C) 



GENERAL DESCRIPTION 

The Subscriber Line Audio-Processing Circuit (SLAC™) 
performs the codec and filtering functions necessary in 
digital voice switching machines. In this application, the 
SLAC processes voiceband analog signals into Pulse- 
Code Modulated (PCM) outputs and processes PCM in- 
puts into analog outputs. The SLACs performance is 
compatible with applicable AT&T® and CCITT specifi- 
cations. The device consists of three main sections: 
transmit processor, receive processor, and control 
logic. 



The transmit section contains an anti-aliasing filter, an 
interpolative A/D converter, and a digital signal pro- 
cessor. The analog signals received are converted and 
digitally processed to generate either 8-bit u.-law or A- 
law codes (Am7901 B) or 1 6-bit linear or 8-bit A-law 
(Am7901C). Either one of two output ports may be 
selected for PCM data transmission. 
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GENERAL DESCRIPTION (continued) 

The receive section contains a digital signal pro- 
cessor and a D/A converter. Either 8 bit n~law or A-law 
codes (Am7901B) or 16-bit linear or 8-bit A-law codes 
(Am7901 C) are received, processed and converted to 
analog signals. Either one of two input ports may be se- 
lected for reception of PCM data. 



The control I/O provides a microprocessor-compatible 
serial interface and allows the user bi-directional access 
to many programmable features and the capability to 
completely control the operation of the device via a 
comprehensive set of commands. 
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ORDERING INFORMATION 
Standard Products 

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 



AM7901B/C 



e. OPTIONAL PROCESSING 

Blank = Standard Processing 



d. TEMPERATURE RANGE 

C = Commercial (0°C to +70°C) 

c. PACKAGE TYPE 

D = 28-Pin Ceramic DIP (CD 028) 
P = 28-Pin Plastic DIP (PD 028) 
J = 28-Pin Plastic Leaded Chip 
Carrier (PL 028) 



b. SPEED OPTION 

Not Applicable 



a. DEVICE NUMBER/DESCRIPTION 

Am7901 B (A-Law, n-Law) 
Am7901C (A-Law, Linear) 

Subscriber Line Audio-Processing Circuit (SLAC) 
WORLD-CHIP® 



Valid Combinations 



Valid Combinations 


AM7901B 


DC, PC, JC 


AM7901C 


DC, PC, JC 



Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD's standard military grade products. 
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PIN DESCRIPTIONS 

AGND 

Analog ground. 

C5-C1 

Latched Outputs 

The serial interface may be used to write data to a regis- 
ter whose outputs are brought out to C5-C1. These 
5 lines are TTL-compatible and may be used to control 
the operation of a SLIC or any other device associated 
with the subscriber line. Cs is used as an output in the 
Auto-zero Speedup Mode. 

CAP2, CAP1 

An external series resistor and capacitor are connected 
to these pins. These components are part of the integra- 
tor in the A/D converter. The recommended values of 
these non-precision components are 1 K ohm ±5% and 
2000 pF ±20%. 

CLKX, CLKR 
PCM Clocks 

The PCM Clocks determine the rate at which PCM data 
is serially shifted into or out of the PCM ports. The maxi- 
mum clock frequency is 4.096 MHz and the minimum 
clockfrequency is 128 kHz. CLKX determines the rate at 
which PCM data is transmitted. CLKR determines the 
rate at which PCM data is received. 

CS 

Chip Select 

The Chip Select input enables the device to either input 
or output control data. A level of -5 V on this input places 
the device in the Auto-zero Speedup Mode. 

DCLK 

Data Clock 

The Data Clockshifts control data either into or out of the 
SLAC. The maximum clock rate is 2.048 MHz. A level of 
-5 V on this pin forces the device into the Reset state. 

Din 

Data Input 

Control data is serially written via the Data Input port. 
The input rate is determined by the Data Clock. 

Dout 

Data Output 

Control data is serially read via the Data Output port. 
The output rate is determined by the Data Clock. Dout is 
high-impedance when control data output is completed 
and CS is High. 

DGND 

Digital ground. 

DRA, DRB 
PCM Inputs 

The receive-PCM data is serially received from either 
the DRA or the DRB port. The port selection is under 



user program control. For u-law and A-law, 8 bits are re- 
ceived and for linear code, 16 bits are received. The 
data is received in 8- or 1 6-bit bursts every 1 25 us at the 
CLKR rate. 

DXA, DXB 
PCM Outputs 

The transmit-PCM data is serially fed out to either the 
DXA or the DXB port. The port selection is under user 
program control. For u-law and A-law, 8 bits are trans- 
mitted and for linear code, 16 bits are transmitted. The 
output is available every 125 us and the data is shifted 
out in 8 or 1 6-bit bursts at the CLKX rate. DXA and DXB 
are high-impedance between bursts and also in the 
standby mode. 

FSX, FSR 
Frame Sync 

The Frame Sync pulse is an 8-kHz signal which identi- 
fies the beginning of a frame. The SLAC references indi- 
vidual time slots with respect to the Frame Sync pulse. 
FSX is the transmit-PCM Frame Sync and FSR is the 
receive-PCM Frame Sync. The FSX pulse must not be 
longer than 8 clock periods when companded code is 
used, and 16 clock periods when linear code is used. 

MCLK 

Master Clock 

The Master Clock must be a 2.048 ±100 ppm clock 
input. MCLK is used by the digital signal processors. 
Loss of MCLK must be treated like a loss of power. 



TSCA, TSCB 
Time Slot Control 

The Time Slot Control output s are open-drain outputs 
and are normally High. TSCA i s Low w hen PCM data is 
present on the DXA output and TSCB is Low when PCM 
data is present on the DXB output. 

V BB 

-5-V power supply. 
Vcc 

+5-V power supply. 

v, N 

Analog Input 

The analog input is applied to the transmit path of the 
SLAC. The signal is sampled, digitally processed and 
encoded for the PCM output. 

Vout 

Analog Output 

The received-PCM data is digitally processed and con- 
verted to an analog signal at the Vout pin. 
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FUNCTIONAL DESCRIPTION 

Device Operation 
General 

The Am7901 B/C performs the codec and filtering func- 
tions associated with the four-wire section of the sub- 
scriber line circuitry in a digital switch. When used with 
the Am795XX Subscriber Line Interface Circuit (SLIC), 
the pair provide a complete solution to the BORSCHT 
(Battery feed, Overvoltage protection, Ringing, Supervi- 
sion, Coding, Hybrid, and Test) functions (see Figure 1). 

The SLAC contains A/D and D/A converters. A micro- 
processor-compatible interface is provided to program 
the device into a variety of modes. These operating 
modes include companded or linear-code operation, 
dynamic time-slot assignment, and PCM-port selection. 

The SLAC samples the analog signal at the Vin pin 
and digitally processes it to produce either a linear 
or companded PCM code at the DXA or DXB output 
(see Figure 2). Conversely, it receives either a linear or 
companded PCM code at the DRA or DRB input and 
digitally processes it to produce an analog output at the 
Vout pin. The processing is accomplished at the frame 
rate (8 kHz), and the digital output/input is available for 
transmission/reception every 125 us. 

Transmit Signal Processor 

In the transmit path (see Figure 3), the analog signal is 
converted, filtered, compressed, and made available for 
output. 

The prefilter is an integrated anti-aliasing filter which 
prevents signals near the sample rate from folding back 
into the voiceband during decimation. The A/D is de- 
signed to have a wide dynamic range and excellent sig- 
nal-to-noise performance. It uses a modified sigma 
delta loop with a D/A converter to trackthe input signal at 
a 512-kHz sampling rate. 

TheSignal Processor contains an ALU, RAM, ROM and 
control logic to implement the filter sections. The B, X, 
and GX blocks shown in Figure 3 are user-program- 
mable filter sections and their coefficients are stored 
in the Coefficient RAM. These filters may be trans- 
parent when not required in a system. The digital com- 
pressor may be bypassed when linear-code operation is 
desired. 

The decimator reduces the high input sample rate. The 
X filter is a 4-tap Finite Impulse Response (FIR) section 
and is part of the frequency response correction net- 
work. The GX filter allows the user to program up to 
12-dB gain in the transmit path with an accuracy of 
±0.051 dB up to 1 0.4 dB and ±0. 1 5 dB up to 1 2 dB. The B 
filter has 8 taps and operates on samples input from the 
Receive Signal Processor in order to provide trans-hy- 
brid balancing in the loop. The low-pass filter limits the 
output bandwidth to meet the transmission require- 
ments. The high-pass filter rejects 15-Hz and 50/60-Hz 
frequencies and may be disabled for testing. 
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Transmit PCM Interface 

The Transmit PCM Interface receives either a1 6-bit lin- 
ear code (for linear operation) or an 8-bit compressed 
code (for u-law and A-law operation) from the digital 
compressor. This code is loaded into the output register. 
The Transmit PCM Interface logic (see Figure 4) con- 
trols the transmission of data onto the PCM highway 
through the output port-selection circuitry and the Time 
Slot Control block. 

The Frame Sync (FSX) pulse identifies the beginning of 
a Transmit frame and all channels (time slots) are 
referenced to it. The logic contains user-programmable 
Transmit Time Slot and Transmit Clock Slot registers. 
The Time Slot register is normally 5-bits wide and allows 
up to thirty-two 8-bit channels or sixteen 1 6-bit channels 
(using CLKX = 2.048 MHz) in each frame. But in the ex- 
panded mode, 6 bits may be programmed to give thirty- 
two 16-bit channels or sixty-four 8-bit channels (using 
CLKX = 4.096 MHz) in each frame. The expanded mode 
bit becomes the sixth bit of the Time Slot register. If this 
bit is Low, one of channels to 31 is selected and if it is 
High, one of channels 32 to 64 is selected. This feature 
allows any combination of channel assignments and 
clock frequencies (over a range of 128 kHz to 4.096 
MHz) in a system. For |i-law and A-law operation, 8 bits/ 
channel are output and for linear code operation, 1 6 bits/ 
channel are output. The data is transmitted Most Signifi- 
cant Bit (MSB) first. The Clock Slot register is 3 bits wide 
and may be programmed to offset the Time Slot assign- 
ment by to 7 CLKX periods to eliminate any clock skew 
in the system (see Figure 5). 

In the Am7901B/C, the PCM data may be user-pro- 
grammed to be output onto o ne of tw o ports, DXA or 
DXB. Correspondingly, either TSCA or TSCB is also 
Low. 

Receive PCM Interface 

The Receive PCM Interface logic (see Figure 6) controls 
the reception of data from the PCM highway and trans- 
fers it for expansion (u.-law or A-law) to the Receive 
Signal Processor. The operation of this interface is iden- 
tical to the Transmit section. 

The Frame Sync (FSR) pulse identifies the beginning of 
a Receive frame and all channels (time slots) are refer- 
enced to it. The logic contains user-programmable Re- 
ceive Time Slot and Receive Clock Slot registers. The 
Time Slot register is normally 5-bits wide and allows up 
to thirty-two 8-bit channels (using CLKR = 2.048 MHz) in 
each frame. But in the expanded mode, 6 bits may be 
programmed to give thirty-two 16-bit channels or 
sixty-four 8-bit channels (using CLKR = 4.096 MHz) in 
each frame. The expanded mode bit becomes the sixth 
bit of the Time Slot register. If this bit is Low, oneof chan- 
nels to 31 is selected and if it is High, one of channels 
32 to 63 isselected. This feature allows any combination 
of clock frequencies (over a range of 128 kHz to 
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4.096 MHz) and channel assignments in a system. For 
u-law and A-law operation, 8 bits/channel are input and 
for linear code, 16 bits/channel are input. The MSB of 
the code must be received first. The Clock Slot register 
is 3-bits wide and may be programmed to offset the 
Time Slot assignment by to 7 CLKR periods to elimi- 
nate any clock skews in the system (see Figure 7). 



In the Am7901B/C, the PCM data may be user- 
programmed to be input from one of two ports, DRA or 
DRB. 
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Figure 1. Single-Channel Subscriber Line System 
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Figure 2. SLAC Block Diagram 
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From Receive 
Signal Processor 



Figure 3. Transmit Signal Processor 
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Figure 4. Transmit PCM Interface 
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Receive Signal Processor 

In the receive path (see Figure 8), the digital signal is ex- 
panded, filtered, converted to analog, and output onto 
the Vout pin. 

The Signal Processor contains an ALU, F1AM, ROM and 
control logic to implement the filter sections. The Z, R 
and GR are user-programmable filter sections and their 
coefficients are stored in the coefficient RAM. These fil- 
ters may be made transparent when not required in a 
system. 



The low-pass filter band-limits the signal. The GR filter 
allows the user to program a loss of up to 1 2 dB with an 
accuracy of ±0.051 dB. The R filter is a 4-tap Fl R section 
and is part of the frequency response correction net- 
work. The Z filter provides feedback from the Transmit 
Signal Processor to the Receive Signal Processor and 
is used to modify the effective input impedance to the 
system. The interpolator provides the higher sample 
rate to the D/A converter. 
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CLKX 



FSX 
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DXA 
or 
DXB 
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X 
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"For linear code, the 7th and 8th clock cycles correspond to the 15th and 16th clock cycles. 

Figure 5. Transmit PCM Timing Diagram 
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Figure 6. Receive PCM interface 
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Figure 7. Receive PCM Timing Diagram 
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Figure 8. Receive Signal Processor 



Serial I/O Interface 

A microprocessor may be used to program the SLAC 
and control its operation using the Serial I/O Interface 
(see Figure 9). Additionally, data programmed previ- 
ously may be read out for verification. The control word 
format is shown in Table 1 . Commands are provided to: 

■ Set active/inactive modes 

■ Set up test functions 

■ Set up operating functions 

■ Program filter coefficients 

■ Assign time slots and port selection 



■ Write to the SLIC latch 

■ Enable/Disable each user-programmable filter 

The interface consists of 4 pins, CS, DCLK, Din and 
Dout. The device is accessed by CS and data is serially 
loaded-in on Din or read-out on Dout under control of 
DCLK. Either commands or data words may be written 
to the SLAC, but only data words can be read out. All 
words are 8-bits wide and are written or read MSB first 
(see Figure 10). 

For both reception or transmission of words, exactly 8 
Data Clock cycles must be received after CS goes Low. 
CS must stay High (off period) for a minimum time pe- 
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riod before it can go Low again. During this off-period, 
the logic decodes and executes the command. All read- 
ing of data must be preceded by an input command re- 
questing the data. Once control data transmission has 
begun, no new input commands will be accepted until 
control data transmission is completed. 

A Serial I/O cycle is defined by transitions of CS and 
DCLK. Upon proper application of power supplies and 
MCLK, the device expects the first word to be a com- 
mand. A number of commands require additional data 
words to be input or output. The SLAC will not accept 
new commands until all this data has been transferred. 

There are two possible operations of DCLK and CS for 
the SLAC to function correctly. If the CS is held in the 
High state between accesses, the DCLK may free run 



with no change to the internal control data. Using this 
method, the same DCLK may be run to a number 
of SLACs and individual CS lines will select the appropri- 
ate device to access. If the DCLK is held in the Low state 
between accesses, the CS line may make multiple 
transitions between accesses for a particular SLAC. 
This allows running one CS line to all SLACs and select- 
ing a particular device through enabling or disabling its 
DCLK. 

It should be noted that the DCLK can stay in the Low 
state indefinitely with no loss of internal control informa- 
tion. However, it should not be held in the High state for 
more than 20 us to ensure proper operation as indicated 
by the Switching Characteristics Table. 
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Figure 9. Serial I/O Interface 
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Figure 10. Serial I/O Interface Timing Diagram 
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Table 1. Control Word Summary 



The Serial I/O Interface consists of Data Input, Data 
Output, Data Clock and CS Input. Data is read in (read 
out) on the Serial Data Input (output). The Serial Input 
consists of 8-bit (byte) command words which may be 
followed with additional bytes of input data or may be fol- 
lowed by the SLAC outputting bytes of data. All words 
are input with MSB (D?) first and LSB (Do) last. All out- 
puts are output with the MSB (D 7 ) first and the LSB (Do) 
last. Words are written or read one at a time, with CS go- 
ing High for at least the minimum off-period (see under 
Switching Characteristics) before the next read or write 
operation. The first 3 bits of the command word indicate 
the type of command and the last 5 bits contain either 
data or further information about the command. The 
classes of command are: 





Lie 


n 













Inactivate/No Operation 








1 


Transmit Time Slot Selection 





1 





Receive Time Slot Selection 





1 


1 


Clock Slot and Gain Selection 








Read Slot, Gain and PCM Mode 


1 








Set Basic and Operating 








Functions and PCM Modes 


1 





1 


Read/Write Coefficients 








Set Test Modes, 








Select u.-law/A-law/linear 


1 


1 





Data for SLIC Interface 


1 


1 


1 


Activate/No Operation 



MSB Dr De D 5 



D 4 D 3 D 2 Di Do 



LSB 



























Inactivate 










1 


T 


T 


T 


T 


T 


Transmit Time Slot Selection 


Choose 1 of 32 Time Slots 





1 





T 


T 


T 


T 


T 


Receive Time Slot Selection 


Choose 1 of 32 Time Slots 





1 


1 








c 


c 


c 


Transmit Clock Slot Selection 


Choose 1 of 8 Clock Slots 





1 


1 





1 


c 


c 


c 


Receive Clock Slot Selection 


Choose 1 of 8 Clock Slots 

















1 





Transmit Gain Selection (GX) 


Followed by 2 Bytes of Data 





1 


I 


, 


1 





1 





Receive Gain Selection (GR) 


Followed by 2 Bytes of Data 





1 


1 


1 





1 





1 


Read Transmit Time and Clock Slot 


Followed by 1 Byte of Data 





1 


1 


1 











1 


Read Transmit Gain (GX) 


Followed by 2 Bytes of Data 





1 


1 


1 


1 


1 





1 


Read Receive Time and Clock Slot 


Followed by 1 Byte of Data 











1 










Read Receive Gain (GR) 


Followed by 2 Bytes of Data 














1 


1 




Read PCM Mode 


Followed by 1 Byte of Data 












B 


X 


R 


z 


Enable Filters 











1 


Dr 


Dx 


Rex 


Tex 


PCM-Mode Selection 


























Write B Coefficients 


Followed by 12 Bytes of Data 















1 








Write X Coefficients 


Followed by 8 Bytes of Data 












1 











Write R Coefficients 


Followed by 8 Bytes of Data 












1 


1 








Write Z Coefficients 


Followed by 8 Bytes of Data 


















1 


1 


Read B Coefficients 


Followed by 12 Bytes of Data 















1 


1 


1 


Read X Coefficients 


Followed by 8 Bytes of Data 












1 





1 


1 


Read R Coefficients 


Followed by 8 Bytes of Data 












1 


1 


1 


1 


Read Z Coefficients 


Followed by 8 Bytes of Data 









1 














Reset to normal conditions 











1 











1 


Add -6 dB to receive gain 











1 








1 





Cutoff receive path 











1 





1 


1 


1 


Test mode-analog loop-back 











1 





1 








Test mode-digital loop-back 











1 








1 


1 


Disable High-Pass Filter (set to 1 ) and 
freeze auto zero circuit 











1 


1 








B 


Choose PCM Code 






1 




c 


c 


c 


c 


C 


Outputs to SLIC 






1 




1 


1 


1 


1 


1 


Activate 
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Am7901 B/C Detailed Serial 
Command Definitions 

Inactivate (Standby Mode) 

MSB 



LSB 



In the inactive mode, none of the programmed informa- 
tion is changed and the analog output is set to zero volts 
through a moderate series impedance. The Serial I/O 
remains active, the SLIC control outputs remain valid, 
and the PCM outputs are high impedance. 

Activate (Operational Mode) 



MSB LSB 



Valid PCM data is not transmitted until after the second 
FSX pulse is received following the execution of the Ac- 
tivate command. 

Transmit Time Slot Selection 

MSB LSB 



o | o I 1 | T, | t 3 | t 2 | t, pri 
Bits T 4 through To select one of 32 time slots. 

Transmit Clock Slot Selection 

MSB LSB 






1 


1 








c 2 


c, 


Co 



Bits C2 through Co select one of eight clock slot offsets 
within the time slot. 

Read Transmit Time and Clock Slots 
Command 



MSB 




LSB 







1 I 1 I 1 


1 I 1 


Output Data 


T 


4 


T 3 | T 2 T, 


To C2 C1 Co 



The transmit time and clock slots are read out time slot 
first, followed by clock slot. 



Receive Time Slot Selection 

MSB 



AMD 



LSB 



I 1 


I T 4 


T 3 | T 2 


T, | To 



Bits Ti through To select one of 32 time slots. 

Receive Clock Slot Selection 

MSB LSB 






1 


1 





1 I c 2 


c, 


Co 



Bits C2 through Co select one of eight clock slot offsets 
within the time slot. 

Read Receive Time and Clock Slots 
Command 



MSB 




LSB 


I | 1 | 1 | 1 


1 


1 1 


Output Data 


| T. | T 3 | T, | T, 


To 


C 2 | C, | Co | 



The receive time and clock slots are read out time slot 
first, followed by clock slot. 

Write GX Filter Coefficients 



Command 

MSB 






LSB 


I 1 I 1 I 1 


I | 


1 I 





Input Data 


C40 rri4o 


C30 


rrbo 




C 2 o ma 


ClO 


mio 




Read GX Filter Coefficients 






Command 

MSB 






LSB 


I 1 I 1 I 1 


1 1 


I 


1 


Output Data 


C« rruo 


C30 


moo 




C» ma 


C10 


mio 





Byte 1 
Byte 2 



Byte 1 
Byte 2 
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Write GR Filter Coefficients 

Command 



FINAL 



MSB 






LSB 


1 1 | 1 | 1 


1 I I 




•1 


Input Data 


C40 rruo 


C30 


rrbo 




Cao rrto 


C10 


mio 




Read GR Filter Coefficients 






Command 

MSB 






LSB 


| 1 1 | 1 


, I I 





1 


Output Data 


C40 rri4o 


C30 


rrbo 




C20 17120 


C10 


mio 


' 


Write PCM Mode Selection 






MSB 






LSB 


10 1 


D R Dx 


Rex 


Tex 



Byte 1 
Byte 2 



Byte 1 
Byte 2 



Receive Port: D R = 0: PCM data is input on DRA. 

D R =1: PCM data is input on DRB. 

Transmit Port: D x = 0: PCM data is output on DXA. 

Dx= 1 : PCM data is output on DXB. 

Receive Rex = 0: Reset Receive Expanded Mode. 

Expanded Mode: Rex=1: Set Receive Expanded Mode. 

Transmit Tex=0: Reset Transmit Expanded Mode. 

Expanded Mode: Tex= 1 : Set Transmit Expanded Mode. 

Read PCM Mode Selection 

Command 



Enable Filters 

MSB LSB 
1 | | | | EB | EX | ER | EZ | 

B Filter: EB = 0: B filter disabled. 

EB= 1: B filter enabled. 

X Filter: EX = 0: X filter disabled. 

EX= 1: X filter enabled. 

R Filter: ER = 0: R fitter disabled. 

ER = 1: R filter enabled. 

Z Filter: EZ = 0: Z filter disabled. 

EZ = 1 : Z filter enabled. 

Write Test Mode Selection 

MSB LSB 

I 1 1 I 1 I 1 I I Ta I t * HeL] 



T3 





T2 





Function 

Reset to normal conditions as follows. Receive 
gain is set to the value stored in the GR 
register. Analog and digital loopback modes 
are reset. The high-pass filter is enabled and 
the auto-zero circuit is operational. The 
receive path is not cutoff. 
Add -6 dB to receive gain. 
Cutoff receive path. 

Disable high-pass filter (set to 1) and freeze 
auto-zero circuit. 
Activate digital loopback. 
Activate analog loopback. 



Select PCM Coding 

MSB 



LSB 



1 





1 


1 


1 








B 



Bit B selects the type of PCM code to be used. 

For the Am7901B: B = 0: A-law. 

B = 1 : u-law. 

For the Am7901 C: B = 0: Linear. 

B = 1 : A-law. 

Write SLIC Output Registers 



MSB 














LSB 


MSB 














LSB 





1 


1 


1 




1 


1 




1 


1 


I ° 


c 5 


* 


C3 


C 2 


c.| 



Output Data 



1 


1 


1 


1 


Dr 


Dx 


Rex 


Tex 
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Write B Filter Coefficients 

Command 

MSB 



Write X Filter Coefficients 

Command 

MSB 

I I 1 I I I 1 



LSB 



4 
1 


I o 


1 
















Inpi 


it Data 




C30 


mao 






C20 


tTl20 






C10 


mio 






C31 


IT131 






C21 


rrbi 






c„ 


mil 






C32 


me 






C22 


m22 






C12 


mi2 






C33 


m33 






C23 


IT123 






Cl3 








C34 


m34 






C24 








c 14 


mi4 






C35 


m35 






C25 


ma 






c, 5 


mis 






C36 


mas 






C26 


ITI20 






C,e 


mi6 






C37 


rti37 






C27 


ITI27 






C,7 


nrii7 




Re. 

Cor 

MS 


3d B Filter Coefficients 

nmand 

B 




LSB 


1 















1 


1 


Out 


put Data 




C30 








C20 








III III 
III III 




C27 


rri27 






C17 


ITI17 





Byte 1 
Byte 2 
Byte 3 
Byte 4 
Byte 5 
Byte 6 
Byte 7 
Byte 8 
Byte 9 
Byte 10 
Byte 11 
Byte 12 



Byte 1 



| Byte 12 



LSB 



Input Data 



C40 


ITUo 


C30 


ITI30 


Byte 1 


C20 


rTbo 


C10 


ITIlO 


Byte 2 


c 4 , 


rri4i 


C 3 i 


mai 


Byte 3 


C21 


nri2i 


Cm 


rrin 


Byte 4 


C42 


1TI42 


Cs2 


ITI32 


Byte 5 


C22 


rri22 


Cl2 


tTll2 


Byte 6 


C43 


ITki 


C33 


ITI33 


Byte 7 


C23 


m23 


Cl3 


mi3 


Byte 8 



Read X Filter Coefficients 

Command 

MSB 



Write R Filter Coefficients 

Command 



LSB 



1 





1 I 


I 1 1 1 


Output Data 


C40 rri4o 


C30 rrkw 






I III 
I III 


C23 rri23 


C13 mia 



Byte 1 



Byte 8 



MSB LSB 


10 10 


10 


Input Data 


C43 m43 


C33 ITI33 


C23 1TI23 


C13 mis 


C42 1TU2 


C32 ITI32 


C22 m22 


Cl2 I71l2 


C41 1TI41 


C31 nrbi 


C21 m2i 


C11 mil 


C 4 o (TI40 


C 3 o ITI30 


C20 1TI20 


C10 mio 



Byte 1 
Byte 2 
Byte 3 
Byte 4 
Byte 5 
Byte 6 
Byte 7 
Byte 8 
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Read R Filter Coefficients 
Command 



Read Z Filter Coefficients 
Command 



MSB 










LSB 




MSB 






LSB 


1 1 


1 1 




1 | 


I 1 






1 | | 1 


- 


1 lit; I 1 


1 I 


Output Data 












Output Data 










C43 m« 










Bytel 


C43 1TI43 


C33 rrb3 




I 

I 


I 
I 


I 
I 


I 


1 






I 
I 


I I 
I I 


I 
I 


Ck> ma 


C10 


mio 




Byte 8 


C20 mK> 


C10 mio 



Write Z Filter Coefficients 

Command 

MSB 



LSB 



1 





1 





1 


1 










Input Data 












C43 


nri43 




IT133 


Byte 1 




C23 


tTl23 


C,3 


nrii3 


Byte 2 




C42 


m« 


C3Z 


rri32 


Byte 3 




C22 


ITI22 


c« 


mi2 


Byte 4 




c„ 


rrut 


c, 


mjt 


Byte 5 




c 2 , 


rrbi 


c 


mn 


Byte 6 




C40 


m» 


C30 


m 3 o 


Byte 7 




C 2 


rriaj 


C10 


mto 


Byte 8 



Byte 1 



| Byte 8 
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Digital Filters 

The SLAC uses digital signal processing to implement 
the various filters (see Figure 11). 

The advantages of digital filters are: 

■ High reliability 

■ No drift with time or temperature 

■ Unit-to-unit repeatability 

■ Superior transmission performance 

Six of the digital filters in the signal processing sections 
are user-programmable. These allow the user to inde- 
pendently modify the gain in both the transmit and 
receive paths, provide trans-hybrid balancing in the sys- 
tem, and adjust the two-wire line termination impe- 
dance. This programming capability feature allows the 
user to optimize the performance of the SLAC for his 
system. 

General Description of CSD Coefficients 

The filter functions are performed by a series of multipli- 
cations and accumulations. A multiplication is accom- 
plished by repeatedly shifting the multiplicand and sum- 
ming the result with the previous value at that summa- 
tion node. The method used in the SLAC is known as 
Canonic Signed Digit (CSD) multiplication and splits 
each coefficient into a series of CSD coefficients. 



Each programmable filter section has the following gen- 
eral transfer function: 

HF(z) = h +h,z- , + h 2 z- 2 + ... + h„z-" (1) 

where the number of taps in the filter = n + 1 . 

The values of the user-defined coefficients (hi) are as- 
signed via the MPI. Each of the coefficients (hi) is de- 
fined in the following general equation: 

h i = B,2- M, + B 2 2- M2 + ... + BN2-* N , (2) 
where: 

the number of shifts = Mi < Mi* 1 
sign = Bi = ±1 

N = Number of CSD coefficients. 

The value of hi in (2) represents a decimal number which 
is broken down into a sum of successive values of: 

±1 .0 multiplied by 2r°, or 2" 1 , or 2" 2 . . . 2" 7 . . . 

or 

±1 .0 multiplied by 1 , or 1/2, or 1/4 .. . 1/128. . . . 

The limit on the negative powers of 2 is determined by 
the length of the registers in the ALU. 

The coefficient hi in Equation 2 can be considered to be 
a value made up of N binary 1 s in a binary register where 
the leftmost part represents whole numbers, the right- 
most part represents decimal fractions, and a decimal 
point separates them. The first binary 1 is shifted Mi bits 
to the right of the decimal point, the second binary 1 is 
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Figure 11. SLAC Signal Processing Flow 
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shifted M2 bits to the right of the decimal point, the third 
binary 1 is shifted M 3 bits to the right of the decimal point, 
and so on. 

Note that when Mi is 0, the resulting value is a binary 1 
in front of the decimal point, that is, no shift. If M2 is also 
0, the result is another binary 1 in front of the deci- 
mal point, giving a total value of binary 1 in front of the 
decimal point (i.e., a decimal value of 2.0). The value 
of N, therefore, determines the range of values the 
coefficient hi can take; for example, if N = 3 the maxi- 
mum and minimum values are ±3, and if N = 4 the values 
are between ±4. 

Detailed Description of SLAC Coefficients 

The CSD coding scheme in the SLAC uses a value 
called mi, where mi represents the distance shifted right 
of the decimal point for the first binary 1 , m2 represents 
the distance shifted to the right of the previous binary 1 , 
and IT13 represents the number of shifts to the right of the 
second binary 1 . Note that the range of values deter- 
mined by N is unchanged. Equation 2 is now modified (in 
the case of N = 4) to: 

hi = Bi2-*" 1 + B 2 2- M2 + B32- M3 + B42- M4 (3) 

hi = C^ 1 + C, C 2 2-< m1 ♦«*> + C1 C2C 3 2- (m ' + m3 i 

+ C,C 2 C3C42- ,m, * m2t,rtUm4 > (4) 

hi = Ci2^ l1 [1+C 2 2- m2 {1+C32- m3 - (1+042-"*)}] (5) 
where: 

Mi = mi and B1 = C1 

M2 = mi + rre B2 = C1 • C2 

M3 = mi + rri2 + rro B3 = C1 • C2 • C3 

M4 = mi + m2 + m3 + rru B4 = C1 • C2 • C3 C4 

In the SLAC, a coefficient hi consists of N CSD coeffi- 
cients, each being made up of 4 bits and formatted as 
Cxymxy, where Cxy is one bit (MSB) and mxy is three bits. 
Each CSD coefficient is broken down as follows: 
Cxy is the sign bit (0 = positive, 1 = negative), 
mxy is the 3-bit shift code. It is encoded as a 
binary number as follows: 
000: illegal 
001 : 6 shifts 
010: 5 shifts 
011: 4 shifts 
100: 3 shifts 
101: 2 shifts 
110: 1 shift 
111: Oshifts 
y is the coefficient number (the i in hi). 

x is the position of this CSD coefficient within 
the hi coefficient. It represents the relative 
position of the binary 1 represented by this 
CSD coefficient within the hi coefficient. The 
most significant binary 1 is represented by 
x = 1 . The next most significant binary 1 is 
represented by x = 2, and so on. 



Thus, Ci 3 mi3 represents the sign and the relative shift 
position for the first (most significant) binary 1 in the 4th 
(h3) coefficient. 

The number of CSD coefficients, N, is limited to 4 in the 
GR, GX, R, X, and Z filters, and 3 for the B filter. Note 
also that the GX filter coefficient equation is slightly dif- 
ferent from that of the other filters: 

hiox = 1+hi (6) 

Please refer to the section detailing the commands for 
complete details on the programming of the coefficients. 

Two-Wire Impedance Matching 

A feedback path is provided from the transmit to the re- 
ceive section via the Z filter. This filter may be pro- 
grammed to modify the effective termination impedance 
(Zslic) of a SLIC or a transformer hybrid to a desired 
value. The desired impedance may be complex. This 
feature allows the user to terminate each SLIC in a Sub- 
scriber Line System with a fixed resistor and digitally 
modify their impedance using the Z filter. 

TheXand R filters are the Transmit and Receive attenu- 
ation distortion correction filters. These filter sections 
are programmed to compensate the attenuation distor- 
tion caused by the Z filter. 

Trans-Hybrid Balance 

In a traditional line card system, a balance network is 
used with the SLIC to achieve trans-hybrid balancing. If 
the balance network perfectly matches the subscriber's 
line, infinite trans-hybrid balancing is achieved. But in 
general, the matching in traditional systems is poor and 
trans-hybrid balancing is not very good. Some systems 
have up to 2 or 3 compromise networks per line that 
must be selected semi-automatically or manually to pro- 
vide the balance. 

In the SLAC, a feedback path is provided from the re- 
ceive to the transmit section via the B filter. This filter 
may be programmed to cancel the received signal from 
the transmit signal path and achieve a significantly im- 
proved level of trans-hybrid balance. 

Gain Adjustment 

Signal levels in the transmit and receive paths may be 
modified by programming the GX and GR filters. The GX 
filter allows the user to add up to 12 dB of gain with an 
accuracy of 0.051 dB up to 1 0.4 dB and +0.1 5 dB up to 
1 2 dB in the transmit path. The GR filter allows the user 
to add up to 1 2 dB of loss with an accuracy of ±0.051 dB 
in the receive path. 

Test Features 

The SLAC simplifies system testing by providing both 
digital and analog loop-back paths. Under program con- 
trol, either the DRA or DRB input is looped to the DXA or 
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DXB output (digital loop-back) through a path from the 
output of the interpolator in the receive path to the input 
of the decimator in the transmit path, or the Vin input is 
looped to the Vout output (analog loop-back) through the 
Z filter. To allow testing of the subscriber loop cabling for 
leakage, the transmit high pass filter may be disabled 
and auto-zero operation interrupted. The receive analog 
output may be programmed to cut off. This receive cut- 
off command may be used to stop oscillations in the 
four-wire side of the telephone network. 

The SLAC contains an auto-zero circuit in the A/D con- 
verter which takes several seconds to settle following a 
change in the offset voltage at Vin. To facilitate compo- 
nent testing of the SLAC, there is a test mode available 
to accelerate settling of the auto-zero circuit. This test 
mode is activated by holding the CS input at -5 V for at 
least 64 ms with the offset voltage applied to Vin (and no 
signal). The auto-zero will settle in this time. In a compo- 
nent test environment, this procedure should be fol- 
lowed after programming the filters. The Cs output is 
also used in this mode. The output level on Cs may be 
modified. 

Note: The digital loopback (DLB) path processes an internal 
data word 2-bits shorter than in normal mode. Therefore, 
DLB signal processing performance is not equivalent to 
normal mode signal processing and does not meet the speci- 
fied Transmission specifications. DLB is recommended for 
use with O-dB programmed gain/attenuation and PCM signal 
levels above -25 dBmO. 

Stand-By Mode 

The SLAC is forced into the stand-by mode either by 
a hardware reset applied to the DCLK input or by recep- 
tion of the Inactivate command. In this mode, power 
is switched off from all circuitry that can be turned off. 
No transmission or reception of PCM data takes place. 
However, the circuits which contain programmed 
information retain their data. The Serial I/O Interface 
remains active to receive new commands. 



Power-On Clear 

Before any other commands are written to the SLAC, 1 3 
Inactivate commands should be sent to the serial port of 
the SLAC in case the SLAC powers up in the middle of a 
read sequence. Alternatively, a hardware reset opera- 
tion can be carried out by applying -5 V to the DCLK pin. 
A loss of MCLK should be treated like a loss of power. 

Stand-Alone Mode 

In the stand-alone mode, the serial interface is not used. 
The DCLK and Din pins may be used to control the 
device. Applying -5 V to the DCLK pin resets the device 
and the Din pin can subsequently be used to power-up or 
power-down the SLAC. 



DCLK 


Din 







X 


Normal Mode 


1 


X 


Normal Mode 


-5 V 





Reset and Power-Down 


-5 V 


1 


Reset and Power-Up 



Reset State 

The Reset State of the device is: 

a. Both Transmit and Receive Time and Clock Slots 
are set to 0. 

b. A-law is selected. 

c. B, X, R, Z filters are disabled. 

d. Both Transmit (GX) and Receive (RX) gains are 
set to unity. 

e. SLIC outputs are set High. 

f. Normal conditions are selected. 

g. DXA/DRA ports are selected. 
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fi-Law: Positive Input Values 



Segment 
Number 



Number 
of Intervals 
X Interval 
Size 



Value at 
Segment 
End Points 



Decision 

Value 
Number n 



Decision 
Value 
x„(1) 



Character 
Signal (5) 



Bit Number 
1 2 3 4 5 6 7 8 




1 




(2) 


10 1111 




(2) 


10 1 


1111 




(2) 


10 10 1111 




(2) 


10 11 


1111 




(2) 


110 1111 




(2) 


110 1 


1111 




(2) 


1110 1111 






1111 


1110 


1111 


1111 



Value at 
Decoder 
Output 

V»(3) 



16x256 



16x128 



16x64 



16x32 



16x16 



16x8 



16x4 



15x2 



1x1 



8159 



4063 



2015 



991 



479 



223 



95 



31 



(128) 
127 

113 
112 

97 

9.6 

81 

8.0 

65 
64 

49 
48 

33 
32 

17 
1.6 

2 
1 




(8159) 
7903 



4319 
40.63 

2143 
2015 

1055 
991 

511 
479 

239 
223 

103 
95 

35 
3.1 

3 
1 




8031 



4191 



2079 



1023 



495 



231 



99 



33 



2 




1. 8159 normalized value units correspond to Tmax = 3.17 dBmO. 

2. The character signal corresponding to positive input values between two successive decision values numbered n and n + 1 
(see column 4) is (255 -n) expressed as a binary number. 

3. The value at the decoder is yo = Xo =0 for n=0, anriy. = x " + Xn + 1 fnrn=1,P, . . „ 127. 

2 

4. Xi2s is a virtual decision value. 

5. Bit 1 is a for negative input values. 
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A-Law, Positive Input Values 



6 



8 



Segment 
Number 



Number 
of Intervals 
X Interval 
Size 



Value at 
Segment 
End Points 



Decision 

Value 
Number n 



Decision 
Value 
x„(1) 



Character Signal 
Before Inversion 
of the Even Bits 



1 


Bit Number 
2 3 4 5 6 7 8 




1 


1 1 1 


1111 




(2) 


1 


1 1 1 







(2) 


1 


1 1 




(2) 


1 


1 1 




(2) 


1 


10 




(2) 


1 


1 1 







(2) 


1 


10 




(2) 


1 






Value at 
Decoder 
Output 

y.P) 



Decoder 
Output 
Value 
Number 



16x128 



16x64 



16x32 



16x16 



16x8 



16x4 



32x2 



4096 



2048 



1024 



512 



256 



128 



64 



(128) 
127 

113 
112 



97 



81 
80 

65 
64 

49 
4.8 

33 
32 

1 





(4096) 
3968 



2176 
2048 

1086 
1024 

544 

512 

272 
256 

136 
128 

68 
64 



4032 



2112 



1056 



528 



264 



132 



66 



128 



113 



97 



81 



65 



49 



33 



Notes: 1 . 4096 normalized value units correspond to TW = 3. 1 4 dBmO. 

2. The character signals are obtained by inverting the even bits of the signals of column 6. Before this inversion, the character 
signal corresponding to positive input values between two successive decision values numbered n and n+ 1 (see column 4) 
is (128 + n) expressed as a binary number. 



3. The value at the decoder output is y„= x "-'+ x " for n= 1 , 

4. xi» is a virtual decision value. 

5. Bit 1 is a for negative input values. 



, 127, 128. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature -60to125°C 

Ambient Temperature under Bias to 70°C 

Vcc with respect to DGND -0.4 to +6.0 V 

Vbb with respect to DGND +0.4 to -6.0 V 

Vin with respect to AGND Vbb to Vcc 

Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at 
or above these limits is not implied. Exposure to Absolute 
Maximum Ratings for extended periods may affect device 
reliability. 



OPERATING RANGES 

Commercial (C) Devices 

Ambient Temperature (Ta) to 70°C 

Vcc +5.0 V ±5% 

Vbb -5.0 V ±5% 

DGND V 

AGND DGND+100mV 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 



DC CHARACTERISTICS over operating range (Note 1) unless otherwise specified 



Parameters 


Description 


Test Conditions 


Min 


Typ 


Max 


Units 


Zm 


Analog Input Impedance 


-3.2 V<V,n < 3.2 V 


20 






k£J 


ZoUT 


Analog Output Impedance 


-3.2 V<Vout < 3.2 V 






20 


£i 


V,os 


Offset Voltage Allowed on Vin 








±40 


mV 


Voos 


Analog Output Offset Voltage 








±30 


mV 


Vm 


Analog Input Voltage Range 








±3.2 V 


V 


VoR 


Analog Output Voltage Range 


Hl> 10 Ki2, UlSOU ph 






±3.2 V 


V 


loUT 


Analog Output Current 




350 






uA 


V,L 


Input Low Voltage (All Digital Inputs 
Except DCLK in Stand Alone Mode 
and CS in Auto Zero Speedup Mode) 




-0.5 




0.8 


V 


V,H 


Input High Voltage (All Digital Inputs) 




2.0 




Vcc 


V 


Vol 


Output Low Voltage 
(All Digital Outputs) 


Iol=2 mA 






0.45 


V 


VoH 


Output High Voltage 
(All Outputs Except TSC) 


Ioh = 400 uA 


2.4 






V 


ICL 


Output Leakage Current 








±10 


uA 


In 


Input Leakage Current 








±1 


uA 


I.L (V,N) 


Input Leakage Current on Vin Pin 








±0.2 


uA 


Ice (S) 


Vcc Supply Current (Standby) 








15 


mA 


U (S) 


Vbb Supply Current (Standby) 


Vcc = 5.25 V 






10 


mA 


Ice (A) 


Vcc Supply Current (Active) 


Vbb = -4.75 V 






60 


mA 


Ibb (A) 


Vbb Supply Current (Active) 








20 


mA 


PSRR 


Vcc Power Supply Rejection Ratio 


200 mVp-p@ 1.02 kHz 
on the appropriate supply, 

Vcc = +5 V, Vbb = -5 V 


35 






dB 


PSRR 


Vbb Power Supply Rejection Ratio 


30 






dB 


C, 


Input Capacitance (Digital) 






5 




pF 


Co 


Output Capacitance (Digital) 






8 




pF 



Note: 1 . Typical values are for Ta = 25°C and nominal supply voltages. Min and max specifications are over the temperature and 
supply voltage ranges shown in the above table entitled "Operating Ranges." 
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TRANSMISSION CHARACTERISTICS 

(All specifications are guaranteed with dB < GX < +1 2 
dB, -1 2 dB < GR < dB and A-law or p.-law companded 
PCM, unless otherwise specified.) 

When G R = dB, a 1 020 Hz sine wave signal with level 
of dBmO at the digital input will correspond to an rms 



voltage of 1 .6 V for A-law and 1 .588 V for u.-law at the 
analog output. When GX = dB, a 1020-Hz sine wave 
signal with rms voltage of 1 .569 V for A-law and 1 .557 V 
for u-law at the analog input will correspond to a level of 
dBmO at the digital output. 



Description 


Test Conditions 


Min 


Typ 


Max 


Units 


Attenuation Distortion 


1020 Hz at -1 dBmO 




(see Fig. 12) 




dB 


Gain (either path) 

a. deviation from ideal value 

b. deviation from initial value 


1020 Hzat-10dBm0 


-0.2 
-0.2 




+0.2 
+0.2 


dB 
dB 


Group Delay Distortion (either path) 


-10 dBmO signal 




(see Fig. 14) 






Harmonic Distortion 


(Note 1) 






-40 


dB 


Intermodulation Distortion 


a. (Note 2) 

b. (Note 3) 






-35 
-49 


dB 
dBmO 


Crosstalk 

a. Go-to-Return Path 

b. Return-to-Go path 


300-3400 Hz, dBmO 
300-3400 Hz, dBmO 




-90 
-90 


-70 
-70 


dB 
dB 


Gain Tracking (either path) 






(see Fig. 15, 17' 




dB 


Signal to Total Distortion (either path) 






(see Fig. 16, 
18, 19) 




dB 


u-Law Companded PCM 


Idle Channel Noise (weighted, transmit) 








19 


dBrncO 


Idle Channel Noise (weighted, receive) 








15 


dBrncO 



A-Law Companded PCM 



Idle Channel Noise (weighted, transmit) 








-68 


dBmOp 


Idle Channel Noise (weighted, receive) 








-78 


dBmOp 



Notes: 1 . Applied signal is a 0-dBmO sine wave within 300 to 3400 Hz. The signal measured is any frequency in the range 300 to 3400 Hz. 

2. Two different frequencies, d and h, in the range 300-3400 Hz and of equal levels in the range -4 to -21 dBmO are applied. 2f i-fc 
products are measured relative to the level of either ft orfj. 

3. Any intermodulation product due to a signal in the range 300-3400 Hz with input level -9 dBmO and a 50-Hz signal with input level 
-23 dBmO. 
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1.3 
0.8 

Attenuation 
(dB) 

0.15 


-0.15 



— 



\ 1 

,, ,;■ J V 



I | 



___________________ 



200 300 
| Transmit Path Only 

Note: Measured per CCITT Rec. G.714 Paragraph 7. 



I I I 

3000 3400 3600 



Frequency (Hz) 



Figure 12. Attenuation Distortion Transmit or Receive Path 



o 

-10 - 

-20 " 

-30 " 

Attenuation 

(dB) -40 - 

-50 - 

-60 



Notes: 1. The frequency is 1020 Hz. 
2. Input signal level is dBmO. 




-32 dB 



J I I I I I I 



J I I I I I I 



1 2 3 4 5 6 7 8 910 20 30 40 50 60 70 80 

Frequency (kHz) 



Figure 13. Out of Band Signals (End-to-End) 
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420 



Delay 

ftw) 



150 



85 



y> SLAC Specification 
— (Either Path) 



>: 



— i ! i 



i 



1 1 



-L 



500 600 1000 



2600 2800 



Note: Minimum value of group delay is taken as reference. 



Figure 14. Group Delay Distortion (Either Path) 



1.4 



Gain 
Variation 
(dB) 



0.5 
0.3 


-0.3 
-0.5 



-1.4 



-55 -50 -40 



-10 



+3 



79* 



,, .<■■ ,:- ,:- ,- ,:- ,- ,- ,:- .,- > ^ 



Note: Measured per CCITT Rec. G.714 Paragraph 15. 



Input Level 
' (dBmO) 



Figure 15. Gain Tracking with Tone (Method 2) Transmit or Receive Path 
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29 



Signal-to-Total 
Distortion 24 
Ratio (dB) 



/ 

/ 
/ 

* 
/ 

/ 



if if if ,f if if if if ,f ,f ,f if if if S if if I 



-45 -40 -30 

Input Level (dBmO) 

Note: Measured per CCITT Rec. G.714 Paragraph 14. 

Figure 16. Signal-to-Total Distortion With Tone (Method 2) Transmit or Receive Path 



a. Noise Test Signal 



+0.5 

0.35 
0.25 



Gain 
Variation o 
(dB) 



-0.25 
-0.35 

-0.5 













» 
• 






















c 








.n- w 7 7 7 7 

i 
f, 
■f 
f 






.:' J 




fvV,f ,>■ „ > - . > > - - - - - - > 



-55 -50 -40 

Input Level (dBmO) 



-10 



b. Sinusoidal Test Signal 



0.3 

Gain 
Variation o 
(dB) 

-0.3 







Q 


D 








* 

• 



-10 +3 
Input Level (dBmO) 



Note: Measured per CCITT Rec. G.714 Paragraph 15. 

Figure 17. Gain Tracking with Noise (Method 1) Transmit or Receive Path 
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Signal-to-Total 
Distortion 
Ratio (dB) 




-55 



-40 -34 -27 

Input Level (dBmO) 



Note: Measured per CCITT Rec. G.714 Paragraph 14. 

Figure 18. Signal-to-Total Distortion With Noise (Receive Path— Method 1) 



Signal-to-Total 
Distortion 
Ratio (dB) 




-34 -27 

Input Level (dBmO) 



Note: Measured per CCITT Rec. G.71 4 Paragraph 1 . 

Figure 19. Signal-to-Total Distortion With Noise (Transmit Path— Method 1) 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Ta = to 70°C, Vco = +5 V ±5%, Vbb = -5 V +5% (see Notes 1 , 6 & 7) 



No. 


Parameter 


Description 


Min 


Typ 


Max 


Units 


Serial Interface Input Mode 


1 


tDCH 


Data Clock High Pulse Width (Note 2) 


0.220 




20 


U.S 


2 


tDCL 


Data Clock Low Pulse Width (Note 2) 


0.220 






U.S 


3 


tDCR 


Rise Time of Clock 


5 




50 


ns 


4 


tDCF 


Fall Time of Clock 


5 




50 


ns 


5 


tcss 


Chip Select Setup Time 


175 






ns 


6 


tlCSH 


Chip Select Hold Time 


50 






ns 


7 


tlCSL 


Chip Select Pulse Width (Notes 3 & 8) 




8 tDCY 




ns 


8 


ticso 


Chip Select Off Time after byte written to 
or before byte read from B, Z, X, R, GX 
or GR in Active mode: 
Otherwise: 


32 t.MCY 
7 tMCY 








9 


tlDS 


Input Data Setup Time 


50 






ns 


10 


tlDH 


Input Data Hold Time 


30 






ns 


11 


toLH 


Output Latch Propagation Delay 


0.75 




2.1 


U.S 


Serial Interface Output Mode 


12 


tocss 


Chip Select Setup Time 


150 






ns 


13 


tocSH 


Chip Select Hold Time 


50 






ns 


14 


toCSL 


Chip Select Pulse Width (Notes 3 & 8) 




8 tDCY 




ns 


15 


tocso 


Chip Select Off Time after byte written to 
or before byte read from B, Z, X, R, GX 
or GR in Active mode: 
Otherwise: 


32 tMCY 
7 tMCY 








16 


toDD 


Output Data Turn on Delay 






100 


ns 


17 


toDH 


Output Data Hold Time 


30 






ns 


18 


toDOF 


Output Turn off Delay 






100 


ns 


19 


toDC 


Output Data Valid 


30 




150 


ns 


PCM Interface 


20 


tpcY 


PCM Clock Period (Note 4) 


0.244 




7.8 


US 


21 


tpOH 


PCM Clock High Pulse Width (Note 4) 


110 | I 


ns 


22 


tpCL 


PCM Clock Low Pulse Width (Note 4) 






ns 


23 


tpCF 


Fall Time of Clock 


5 




15 


ns 


24 


tpcR 


Rise Time of Clock 


5 




15 


ns 


25 


tpss 


Frame Sync Setup Time 


50 




(tpCY-30) 


ns 


26 


tFSH 


Frame Sync Hold Time (Companded Mode) 


30 




(8 tpcY-50) 


ns 


Frame Sync Hold Time (Linear Mode) 


30 




(16tpcY-50) 


ns 


27 


trso 


Delay to TSC Valid (Note 5) 


(N tpcv + 30) 




(N tpcY+150) 


ns 


28 


tTSQ 


Delay to TSC Off (High Impedance) 


30 






ns 


29 


toxo 


PCM Data Output Delay 


95 




185 


ns 


30 


tDXH 


PCM Data Output Hold Time 


30 




100 


ns 


31 


tDXZ 


PCM Data Output Delay to High Z 


45 




90 


ns 


32 


Idrs 


PCM Data Input Setup Time 


50 






ns 


33 


tDRH 


PCM Data Input Hold Time 


30 






ns 
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SWITCHING CHARACTERISTICS (continued) 



Master Clock 



34 


tMCY 


Master Clock Period 


488.23 


488.28 


488.33 


ns 


35 


tMCH 


Master Clock High Pulse Width 


220 






ns 


36 


tMCL 


Master Clock Low Pulse Width 


238 






ns 


37 


tMCR 


Rise Time of Clock 


5 




15 


ns 


38 


tuCF 


Fall Time of Clock 


5 




15 


ns 



Notes: 1 . 

2. 

3. 

4. 

5. 
6. 
7. 

8. 



Min and Max values are valid on all digital outputs except C 5 -C, with a 1 50-pF load. Cs-Ci outputs are valid with a 30-pF 
load. 

The Data Clock may be stopped in the Low state indefinitely without loss of information. Data will not be clocked in or out 
while the clock is in the Low state. 

Chip Select Pulse Width is nominally 8 Data Clock Cycles with a minimum value of 7 Data Clock Cycles + tcsH + tcss and 
a maximum value of 9 Data Clock Cycles -fccsH-tcss. 

The maximum allowed PCM clock frequency is 4.096 MHz. The actual PCM clock rate is dependent on the number of 
channels allocated within a frame. The minimum clock frequency is 1 28 kHz. 

TSC is delayed from FS by a typical value of N tp C v, where N is the value stored in the Time/Clock Slot register. 
The Frame Sync pulses (FSX, FSR) repeat at an 8-kHz rate. 

FSR, FSX, CLKR, CLKX, and MCLK all must be synchronized and exactly 256 cycles of MCLK must be guaranteed 
between Frame Syncs. All five clocks must not be interrupted to assure proper operation. 

tocy is 1 Data Clock Cycle. 



SWITCHING WAVEFORMS 
Timing Diagrams 



Input and Output Waveforms 
For AC Tests 



Master Clock Timing 



2.4" 



0.45" 



X2^oT Test I 2 °\/~ 
Q.ai Points 1 o,8 /\ 



35 
V, 




V,L 



<5> 





-© 
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DCLK 




CS 



Y 



•-©- 



© 



mm . 



Outputs 
Cs-C, 



Data 




© 



f 




® 



513- 



-ss- 



Data 
Valid 



Serial Interface (Output Mode) 



DCLK 




Dour Three-State V' 
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PCM Highway Timing 



AMD 



CLKX or CLKR 



FSX or FSR 



TSCfiJ 
TSCB 



DXA/DXB 



dra/drb; 



Time Slot Zero 
Clock Slot Zero 




First Bit 



m 
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AMD 8-Channel Subscriber Line Card 



Subscriber 
Line 1 



AX(TIPX) Vtx 

BX (RINGX) RSN 

SLIC 
1 



Eo 



DET 



C 4 -C, 



Subscriber 
Line 8 



AX (TIPX) 


Vtx 


BX (RINGX) 


RSN 


SLIC 




8 






Eo 




DET 



VoUT 



Am7901B/C 
SLAC 
1 



cs 

X 



DXA 
TSCA 

DXB 
TSCB 

DRA 

DRB 

DoUT 

Din 

DCLK 



V,N 
VoUT 



DXA 



TSCA 
DXB 



TSCB 

Am7901B/C nR . 
SLAC 
8 



CS 

T 



DRB 

DoUT 

Dm 
DCLK 



mi 



To/From Other 
Equipped Channels 



PCM 
Highway 
A 



I/O Ports 



Line Card 
Controller 



7\ 



V 

Link to Higher 
Level Processor 



PCM 
Highway 
B 



2-36 



Am7901 B/C Data Sheet 



Am7905A 

Subscriber Line Audio-Processing Circuit (SLAC) 
WORLD-CHIP 



Advanced 
Micro 
Devices 



DISTINCTIVE CHARACTERISTICS 



■ 


Combination CODEC and Filter 


■ 


4.096-MHz, 64-channel expanded mode 


■ 


No trimming or adjustments required 




operation 


■ 


Uses digital signal processing 


■ 


Built-in test modes 


■ 


Six user-programmable digital filters 


■ 


Microprocessor-compatible Serial Interface 




Dynamic Time Slot assignment 


■ 


Control interface to SLIC 


■ 




■ 


Only two external components (non-precision) 


■ 


Low standby power 


■ 


Dual PCM ports 


■ 


Selectable n-law or A-law 






■ 


24-pin DIPs 



GENERAL DESCRIPTION 

The Subscriber Line Audio-Processing Circuit (SLAC™) 
performs the codec and filtering functions necessary in 
digital voice switching machines. In this application, the 
SLAC processes voiceband analog signals into Pulse- 
Code Modulated (PCM) outputs and processes PCM 
inputs into analog outputs. The SLAC's performance 
is compatible with applicable AT&T® and CCITT speci- 
fications. The device consists of three main sections: 



transmit processor, receive processor, and control 
logic. 

The transmit section contains an anti-aliasing filter, an 
interpolative A/D converter and a digital signal proces- 
sor. The analog signals received are converted and digi- 
tally processed to generate either 8-bit u.-law or A-law 
codes. Either one of two output ports may be selected 
for PCM data transmission. 
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GENERAL DESCRIPTION (continued) 

The receive section contains a digital signal processor 
and a D/A converter. Either 8-bit u.-law or A-law codes 
are received, processed and converted to analog sig- 
nals. Either one of two input ports may be selected for 
reception of PCM data. 



The control I/O provides a microprocessor-compatible 
serial interface and allows the user bi-directional access 
to many programmable features and the capability to 
completely control the operation of the device via a 
comprehensive set of commands. 
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Top View 
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Note: Pin 1 is marked for orientation. 
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1 . 
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ORDERING INFORMATION 
Standard Products 

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 



AM7905A P C B 



1 e. OPTIONAL PROCESSING 

Blank = Standard Processing 

d. TEMPERATURE RANGE 

C = Commercial (0 to +70°C) 

c. PACKAGE TYPE 

P = 24-Pin Plastic DIP (PD 024) 
D = 24-Pin Ceramic DIP (CD 024) 
J = 28-Pin Plastic Leaded Chip 
Carrier (PLCC 028) 

b. SPEED OPTION 

Not Applicable 

a. DEVICE NUMBER/DESCRIPTION 

Am7905A Subscriber Line Audio-Processing Circuit (SLAC) 
WORLD-CHIP® 



Valid Combinations 


AM7905A 


PC, DC, JC 



Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD's standard military grade products. 
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PIN DESCRIPTIONS 

AGND 

Analog ground. 

C 5 -Ci 

Latched Outputs 

The serial interface may be used to write data to a regis- 
ter whose outputs are brought out to C5-C1. These 5 
lines are TTL-compatible and may be used to control the 
operation of a SLIC or any other device associated with 
the subscriber line. Cs is used as an output in the Auto- 
zero Speedup Mode. 

CAP2, CAP, 

An external series resistor and capacitor are connected 
to these pins. These components are part of the integra- 
tor in the A/D converter. The recommended values of 
these non-precision components are 1 K ohm ±5% and 
2000 pF ±20%. 

CS 

Chip Select 

The Chip Select input enables the device to either input 
or output control data. A level of -5 V on this input places 
the device in the Auto-zero Speedup Mode. 

DCLK 
Data Clock 

The Data Clock input shifts control data either into or out 
of the SLAC. The maximum clock rate is 2.048 MHz. A 
level of -5 V on this input forces the device into the 
Reset state. 

D,o 

Data Input/Output 

Control data is serially written and read via the Data In- 
put/Output port. The input and output rate is determined 
by the Data Clock. 

DGND 

Digital ground. 

DRA, DRB 
PCM Inputs 

The receive-PCM data is serially received from either 
the DRA or the DRB port. The port selection is under 
user program control. For both u-law and A-law, 8 bits 
are received. The data is received in 2.048- or 
4.096-MHz bursts. 



DXA, DXB 
PCM Outputs 

The transmit-PCM data is serially fed out to either the 
DXA or the DXB port. The port selection is under user 
program control. For both |i-law and A-law, 8 bits are 
transmitted. The output is available every 125 us and 
the data is shifted out in 2.048-MHz or 4.096-MHz 
bursts. DXA and DXB are high impedance between 
bursts and also in the standby mode. 

FS 

Frame Sync 

The Frame Sync pulse input is an 8-kHz signal which 
identifies the beginning of a frame. The SLAC refer- 
ences individual time slots with respect to the Frame 
Sync pulse. The FS pulse must not be longer than 8- 
clock periods. 

MCLK 

Master Clock 

The Master Clock is a 2.048- or 4.096-MHz ±1 00 ppm 
clock input. MCLK is used by the digital signal 
processors and by the PCM interface. Loss of MCLK 
should be treated like a loss of power. 



TSCA, TSCB 
Time Slot Control 

The Time Slot Control output s are open-drain outputs 
and are normally High. TSCA i s Low w hen PCM data is 
present on the DXA output and TSCB is Low when PCM 
data is present on the DXB output. 

Vbb 

-5-V power supply. 
Vcc 

+5-V power supply. 

V,N 

Analog Input 

The analog input is applied to the transmit path of the 
SLAC. The signal is sampled, digitally processed and 
encoded for the PCM output. 

Vout 

Analog Output 

The received-PCM data is digitally processed and con- 
verted to an analog signal at the Vout pin. 
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FUNCTIONAL DESCRIPTION 
Device Operation 

General 

The Am7905A performs the codec and filter functions 
associated with the four-wire section of the subscriber 
line circuitry in a digital switch. When used with the 
Am795XX Subscriber Line Interface Circuit (SLIC), the 
pair provide a complete solution to the BORSCHT (Bat- 
tery feed, Overvoltage protection, Ringing, Supervision, 
Coding, Hybrid, and Test) functions (see Figure 1). 

The SLAC contains auto-zeroed A/D and D/A convert- 
ers. A microprocessor-compatible interface is provided 
to program the device into a variety of modes. These op- 
erating modes include companded operation, dynamic 
time-slot assignment, and PCM-port selection. 

The SLAC samples the analog signal at the Vin pin and 
digitally processes it to produce either a companded 
u.-law or A-law PCM code at the DXA or DXB output (see 
Figure 2). Conversely, it receives either a companded 
H-law or A-law PCM code at the DRA or DRB input and 
digitally processes it to produce an analog output at the 
Vout pin. The processing is accomplished at the frame 
rate (8 kHz), and the digital output/input is available for 
transmission/reception every 125 us. 

Transmit Signal Processor 

In the transmit path (see Figure 3), the analog signal is 
converted, filtered, compressed, and made available for 
output. 

The prefilter is an integrated anti-aliasing filter which 
prevents signals near the sample rate from folding back 
into the voiceband during decimation. The A/D is de- 
signed to have a wide dynamic range and excellent 
signal-to-noise performance. It uses a modified sigma 
delta loop with a D/A converter to track the input signal at 
a 512-kHz sampling rate. 

The Signal Processor contains an ALU, RAM, ROM and 
control logic to implement the filter sections. The B, X, 
and GX blocks shown in Figure 3 are user-program- 
mable filter sections and their coefficients are stored in 
the coefficient RAM. These filters may be made trans- 
parent when not required in a system. 

The decimator reduces the high input sample rate. The 
X filter is a 4-tap Finite Impulse Response (FIR) section 
and is part of the frequency response correction net- 
work. The GX filter allows the user to program up to 
12-dB gain in the transmit path with an accuracy of 
±0.051 dB up to 1 0.4 dB and ±0.1 5 dB up to 1 2 dB. The 
B filter has 8 taps and operates on sampled input from 
the Receive Signal Processor in order to provide trans- 
hybrid balancing in the loop. The low-pass filter limits the 
output bandwidth to meet the transmission require- 
ments. The high-pass filter rejects 15-Hz and 50/60-Hz 
frequencies, and may be disabled for testing. 



Transmit PCM Interface 

The Transmit PCM interface receives either 8-bit 
compressed n-law or A-law code from the digital com- 
pressor. This code is loaded i nto the output register. The 
Transmit PCM interface logic (see Figure 4) controls 
the transmission of data onto the PCM highway through 
the output port-selection circuitry and the Time Slot 
Control block. 

The Frame Sync (FS) pulse identifies the beginning 
of a Transmit frame and all channels (time slots) are 
referenced to it. The logic contains user-programmable 
Transmit Time Slot and Transmit Clock Slot registers. 
The Time Slot register is normally 5 bits wide and allows 
up to thirty-two 8-bit channels (using MCLK = 2.048 
MHz) in each frame. But in the expanded mode, 6 bits 
may be programmed to give sixty-four 8-bit channels 
(using MCLK =4.096 MHz) in each frame. The ex- 
panded mode bit becomes the sixth bit of the Time Slot 
register. If this bit is Low, one of channels to 31 is se- 
lected and if it is High, one of channels 32 to 64 is se- 
lected. This only applies if MCLK is 4.096 MHz. This fea- 
ture allows clock frequencies of 2.048 or 4.096 MHz in a 
system. For u.-law and A-law operation, 8 bits/channel 
are output. The data is transmitted Most Significant Bit 
(MSB) first. The Clock Slot register is 3 bits wide and 
may be programmed to offset the Time Slot assignment 
by to 7 MCLK periods to eliminate any clock skew in 
the system (see Figure 5). 

In the Am7905A, the PCM data may be user-pro- 
grammed to be output onto one of two ports, DXA 
or DXB. Correspondingly, either TSCA or TSCB is 
also Low. 

Receive PCM Interface 

The Receive PCM interface logic (see Figure 6) controls 
the reception of data from the PCM highway and trans- 
fers it for expansion (|x-law or A-law) to the Receive 
Signal Processor. The operation of this interface is iden- 
tical to the Transmit section. 

The Frame Sync (FS) pulse identifies the beginning of 
a Receive frame and all channels (time slots) are refer- 
enced to it. The logic contains user-programmable 
Receive Time Slot and Receive Clock Slot registers. 
The Time Slot register is normally 5-bits wide and allows 
up to thirty-two 8-bit channels (using MCLK= 2.048 
MHz) in each frame. But in the expanded mode, 6 bits 
may be programmed to give sixty-four 8-bit channels 
(using MCLK = 4.096 MHz) in each frame. The ex- 
panded mode bit becomes the sixth bit of the Time Slot 
register. If this bit is Low, one of channels to 31 is 
selected and if it is High, one of channels 32 to 63 is se- 
lected. This only applies if MCLK is 4.096 MHz. This 
feature allows clock frequencies of 2.048 MHz or 
4.096 MHz in a system. The MSB of the code must be 
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received first. The Clock Slot register is 3-bits wide and 
may be programmed to offset the Time Slot assignment 
by to 7 MCLK periods to eliminate any clock skews in 
the system (see Figure 7). 



In the Am7905A, the PCM data may be user- 
programmed to be input from one of two ports, DRA 
or DRB. 
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Receive Signal Processor 

In the receive path (see Figure 8), the digital signal is ex- 
panded, filtered, converted to analog, and output onto 
the Vout pin. 

The Signal Processor contains an ALU, RAM, ROM and 
control logic to implement the filter sections. The Z, R 
and GR are user-programmable filter sections and their 
coefficients are stored in the coefficient RAM. These fil- 
ters may be made transparent when not required in a 
system. 



The low-pass filter band-limits the signal. The GR filter 
allows the user to program a loss of up to 1 2 dB with an 
accuracy of ±0.05 1 dB . The R filter is a 4-tap Fl R section 
and is part of the frequency response correction net- 
work. The Z filter provides feedback from the Transmit 
Signal Processor to the Receive Signal Processor and 
is used to modify the effective input impedance to the 
system. The interpolator provides the higher sample 
rate to the D/A converter. 
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Figure 5. Transmit PCM Timing Diagram 
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Figure 8. Receive Signal Processor 



Serial I/O Interface 

A microprocessor may be used to program the SLAC 
and control its operation using the Serial I/O Interface 
(see Figure 9). Additionally, data programmed previ- 
ously may be read out for verification. The control word 
format is shown in Table 1 . Commands are provided to: 

■ Set active/inactive modes 

■ Set up test functions 

■ Set up operating functions 

■ Program fitter coefficients 

■ Assign time slots and port selection 

■ Write to the SLIC latch 

■ Enable/Disable each user-programmable filter 



The interface consists of_3 pins, CS, DCLK, and Dio. The 
device is accessed by CS and data is serially loaded-in 
or read-out on Dio under control of DCLK. Either com- 
mands or data words may be written to the SLAC, but 
only data words can be read out. All words are 8-bits 
wide and are written or read MSB first (see Figure 10). 

For both reception or transmission of words, exactly 8 
Data Clock cycles must be received after CS goes Low. 
CS must stay High (off period) for a minimum time pe- 
riod before it can go Low again (see Note 4 under 
Switching Characteristics). During this off-period, the 
logic decodes and executes the command. All reading 
of data by the SLAC must be preceded by an input com- 
mand requesting the data. Once control data transmis- 
sion has begun, no new input commands will be ac- 
cepted until control data transmission is completed. 
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A Serial I/O cycle is defined by transitions of CS and 
DCLK. Upon proper application of power supplies and 
MCLK, the device expects the first word to be a com- 
mand. A number of commands require additional data 
words to be input or output. The SLAC will not accept 
new commands until all this data has been transferred. 



There are two possible operations of DCLK and CSfor 
the SLAC to function correctly. If the CS is held in the 
High state between accesses, the DCLK may free run 
with no change to the internal control data. Using this 
method, the same DCLK may be run to a number 
of SLACs and individual CS lines will select the appropri- 



ate device to access. If the DCLK is held in the Low state 
between accesses, the CS line may make multiple 
transitions between accesses for a particular SLAC. 
This allows running one CS line to all SLACs and select- 
ing a particular device through enabling or disabling its 
DCLK. 

It should be noted that the DCLK can stay in the Low 
state indefinitely with no loss of internal control informa- 
tion. However, it should not be held in the High state for 
more than 20 us to ensure proper operation as indicated 
by the Switching Characteristics Table. 
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Table 1 . Command Summary 



The Serial I/O Interface consists of Data Input/Output, 
Data Clock and CS Input. Data is read in (read out) on 
the Serial Data Input (output). The Serial Input consists 
of 8-bit (byte) command words which may be followed 
with additional bytes of input data or may be followed by 
the SLAC outputting bytes of data. All words are input 
with MSB (D 7 ) first and LSB (Do) last. All outputs are out- 
put with the MSB (Zh) first and the LSBJDo) last. Words 
are written or read one at a time, with CS going High for 
at least the minimum off-period (see Switching Charac- 
teristics) before the next read or write operation. The 
first 3 bits of the command word indicate the type of 
command and the last 5 bits contain either data or 



further information about the command. The classes of 
command are: 
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Followed by 8 Bytes of Data 












1 


1 








Write Z Coefficients 


Followed by 8 Bytes of Data 


















1 


1 


Read B Coefficients 


Followed by 12 Bytes of Data 















1 


1 


1 


Read X Coefficients 


Followed by 8 Bytes of Data 












1 





1 


1 


Read R Coefficients 


Followed by 8 Bytes of Data 












1 


1 


1 


1 


Read Z Coefficients 


Followed by 8 Bytes of Data 























Reset to normal conditions 






















1 


Add -6 dB to receive gain 



















1 





Cutoff receive path 
















1 


1 


1 


Test mode-analog loop-back 
















1 








Test mode-digital loop-back 



















1 


1 


Disable High-Pass Filter (set to 1) and 
freeze auto-zero circuit 













1 











Choose A-law 













1 








1 


Choose n-law 













1 


1 


1 





Set device to operate with MCLK = 2.048 MHz 











1 


1 


1 


1 


Set device to operate with MCLK = 4.096 MHz 




1 





C 


C 


c 


c 


c 


Outputs to SLIC 






1 


1 


1 


1 


1 


1 


1 


Activate 
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Am7905A Detailed Serial 
Command Definitions 

Inactivate (Standby Mode) 

MSB 



Read Transmit Time and Clock Slots 



LSB 



Command 

MSB 



LSB 



In the inactive mode, none of the programmed informa- 
tion is changed and the analog output is set to V 
through a moderate series impedance. The Serial I/O 
remains active, the SLIC control outputs remain valid, 
and the PCM outputs are high impedance. 






1 


1 


1 





1 





1 



Output Data 



T 4 


T, 


T 2 


T, 


T„ 


C 2 


C, 


Co 



Activate (Operational Mode) 

ASB 



LSB 



The transmit time and clock slots are read out time slot 
first, followed by clock slot. 



1 


1 


1 


1 


1 


1 


1 


1 



Valid PCM data is not transmitted until after the second 
FS pulse is received following the execution of the Acti- 
vate command. 



Receive Time Slot Selection 

MSB 



LSB 






1 





T 4 


T 3 


T 2 


T, 


T„ 



Transmit Time Slot Selection 

MSB 



LSB 









1 


T 4 


T, 


T 2 


T, 


To 



Bits T4 through To select one of 32 time slots. 

Receive Clock Slot Selection 

MSB LSB 



Bits T4 through To select one of 32 time slots. 

Transmit Clock Slot Selection 

MSB LSB 






1 


1 





1 


c 2 


c, 


Co 






1 


1 








c 2 


c, 


Co 



Bits C 2 through Co select one of eight clock slot offsets 
within the time slot. 

Read Receive Time and Clock Slots 



Bits C2 through Co select one of eight clock slot offsets 
within the time slot. 



Command 

MSB 



LSB 






1 


1 


1 


1 


1 





1 



Output Data 



T 4 


To 


T 2 


T, 


T„ 


C 2 


C, 


Co 



The receive time and clock slots are read out time slot 
first, followed by clock slot. 
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Write GX Filter Coefficients 

Command 

MSB 



FINAL 



LSB 



Input Data 



C40 m*) 




C30 


ITI30 


Byte 1 


C20 ITI20 




C10 


mio 


Byte 2 


Read GX Filter Coefficients 






Command 

MSB 






LSB 




111 








1 1 




Output Data 










C40 ni4o 




C30 




Dylo I 


C20 m2o 




C10 


m,o 


Byte 2 


Write GR Filter Coefficients 






Command 

MSB 






LSB 




111 


1 





1 I 


I 












Input Data 










C40 ITI40 




Cao 


ITbo 


Byte 1 


C20 ma 


C10 mio 


Byte 2 



Read GR Filter Coefficients 
Command 



MSB 


LSB 





1 


1 I 1 




| 


1 



Write PCM Mode Selection 

MSB 



LSB 



1 








1 


Dr 


Dx 


Rex 


Tex 



Receive Port: D H = 0: PCM data is input on DRA. 

D R =1: PCM data is input on DRB. 

Transmit Port: D x = 0: PCM data is output on DXA. 

D x = 1 : PCM data is output on DXB. 

Receive Rex=0: Reset Receive Expanded Mode. 

Expanded Mode: Rex=1: Set Receive Expanded Mode. 

Transmit Tex = 0: Reset Transmit Expanded Mode. 

Expanded Mode: T K = 1 : Set Transmit Expanded Mode. 



Read PCM Mode Selection 



Command 

MSB 



LSB 



1 1 


1 





1 


1 


1 












Output Data 












1 1 1 


1 


D„ 


Dx 


Rex 


Tex 


Enable Filters 












MSB 










LSB 


1 





EB 


EX 


ER 


EZ 



B Filter: 


EB = 





B filter disabled. 




EB = 


1 


B filter enabled. 


X Filter: 


EX = 





X filter disabled. 




EX = 


1 


X filter enabled. 


R Filter: 


ER = 





R filter disabled. 




ER = 


1 


R filter enabled. 


Z Filter: 


EZ = 





Z filter disabled. 




EZ = 


1 


Z filter enabled. 



Output Data 



C40 nruo 


C30 ITteo 


C20 ITbo 


C10 rriio 



Byte 1 
Byte 2 
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Write Test Mode Selection 

MSB 

I 



HI 



LSB 

XI 



T3 T2 T1 Function 

Reset to normal conditions as follows. Receive 
gain is set to the value stored in the GR 
register. Analog and digital loopback modes 
are reset. The high-pass filter is enabled and 
the auto-zero circuit is operational. The 
receive path is not cutoff. 

1 Add -6 dB to receive gain. 

1 Cutoff receive path. 

1 1 Disable high-pass filter (set to 1) and freeze 

auto-zero circuit. 

1 Activate digital loopback. 
1 1 1 Activate analog loopback. 



Select PCM Coding 

MSB 



LSB 



1 





1 


1 


1 








B 



Bit B selects the type of PCM code to be used. 
For the Am7905A: B = 0: A-Law. 

B = 1: u-Law. 

Write SLIC Output Registers 

MSB LSB 
1 | 1 | | c 5 | c, | c 3 | c 2 | c, | 

Write B Filter Coefficients 

Command 



MSB 


LSB 






1 1 | | | | 


Input Data 


Cm rri3o 


C20 ITfeo 


C10 rriio 


Cat rrtoi 


C21 nri2i 


C11 mn 


C 32 m32 


C22 17122 


C12 rrti2 


C33 rrba 


C23 fTl23 


C13 mis 


C34 17134 


C 2 4 rri24 


Cu rrii4 


C35 rri35 


C25 ITI25 


Cis mis 


C 36 rrbe 


C26 FTbe 


Cie ITlie 


C37 rrb? 


C27 rTi27 


C17 mi7 



Byte 1 
Byte 2 
Byte 3 
Byte 4 
Byte 5 
Byte 6 
Byte 7 
Byte 8 
Byte 9 
Byte 10 
Byte 11 
Byte 12 



LSB 



Read B Filter Coefficients 

Command 

MSB 

I 1 I I 1 I I I I 'TT 



Output Data 



Write X Filter Coefficients 

Command 

MSB 



Read X Filter Coefficients 

Command 

MSB 



Output Data 



Cw rri4o 



C30 nrbo 



I I 



C23 rri23 



C13 rrii3 



C30 nri3o 


C20 fTfeo 


III III 
III III 


C27 rri27 


Cu mt7 



LSB 



1 





1 








1 








Input Data 




C40 


m«i 






C30 


rriso 






C20 


rTteo 






Co 


mio 






Cu 


ITU1 






C 3 , 


rrtoi 






c 2 , 


m2i 






C11 


mi, 






C42 


n*i42 






C32 


m 3 2 






C22 


rrte 






Cl2 


mi2 






C43 


nri43 






C M 


nrba 






Cz, 


rrto 






Cl3 


mi3 





LSB 



1 





1 








1 


1 


1 



J Byte 8 
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Write R Filter Coefficients 

Command 

MSB 



FINAL 



LSB 



Write Z Filter Coefficients 

Command 

MSB 



LSB 



1 I 
1 | 


1 I I 


1 1 1 


n I n 
| 




, 1 


1 





1 


1 










Input Data 








Input Data 










C43 


rrkj 


Cs3 


rr>33 


Byte 1 


C43 


ITU3 


C33 


ITI33 


Byte 1 


Ca 


m23 


Cl3 


mi3 


Byte 2 


C23 


nri23 


C13 


mi3 


Byte 2 


C.2 


rrw 


C32 


TTI32 


Byte 3 




nrw 


C 32 


ITI32 


Byte 3 




rrte 


C,2 


mi2 


Byte 4 


C22 


rri22 


C12 


mi2 


Byte 4 


C«i 


rrui 


&, 


nrbi 


Byte 5 


C., 


rri4i 


C31 


1D31 


Byte 5 


c 2 , 


1TI21 


c„ 


mn 


Byte 6 


C 2 , 


17121 


c„ 


mn 


Byte 6 


C40 


rruo 


Cso 


rriso 


Byte 7 


C40 


17140 


Cm 


rriao 


Byte 7 


C20 


ITI20 


C10 


rriio 


Byte 8 


C20 


ni2o 


C10 


rriio 


Byte 8 



Read R Filter Coefficients 
Command 



Read Z Filter Coefficients 

Command 



MSB 




LSB 


MSB 










LSB 


| 1 1 





10 11 


1 1 





1 


1 


1 


1 


Output Data 






Output Data 












C43 rri43 




C33 rri33 Byte 1 


C43 nri43 






C33 


IT133 




III III III III 
III III III III 


C20 rri2o 




C10 rriio Byte 8 


C20 1TI20 






C10 


rriio 










Select MCLK Frequency 












MSB 










LSB 








1 1 


1 


1 


1 


1 


C 



Bit C selects the MCLK frequency to be used. 

C = 0: MCLK = 2.048 MHz 
C = 1: MCLK= 4.096 MHz 
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INv VlH| 



SLIC 
Emulator 



A/D 



A 



1 H Zslic h ^G^j 



ZuNE 



I 
I 
I 

-<>- 

VOUT 
I 
I 



Decimator 



Decimator -*©-* 



Z* 



D/A 



Inter- 
polator 



GX* 



Band 
Pass 
Filter 



Compressor 



DXA 
or 

DXB 



*-Q*- 



Inter- 
polator 



B* 















GR* 



Low- 
Pass 
Filter 



Expander 



DRA 
or 

DRB 



V, 



" User-Programmable Filters 



Figure 11. SLAC Signal Processing Flow 



Digital Filters 

The SLAC uses digital signal processing to implement 
the various filters (see Figure 11). 

The advantages of digital filters are: 

■ High reliability 

■ No drift with time or temperature 

■ Unit-to-unit repeatability 

■ Superior transmission performance 

Six of the digital filters in the signal processing sections 
are user-programmable. These allow the user to inde- 
pendently modify the gain in both the transmit and 
receive paths, provide trans-hybrid balancing in the 
system, and adjust the two-wire line termination impe- 
dance. This programming capability feature allows the 
user to optimize the performance of the SLAC for his 
system. 

General Description of CSD Coefficients 

The filter functions are performed by a series of multipli- 
cations and accumulations. A multiplication is accom- 
plished by repeatedly shifting the multiplicand and 
summing the result with the previous value at that sum- 
mation node. The method used in the SLAC is known as 
Canonic Signed Digit (CSD) multiplication and splits 
each coefficient into a series of CSD coefficients. 



Each programmable filter section has the following gen- 
eral transfer function: 

HF(z) = ho+hiz- 1 +h2Z- 2 + ... + hnZ- (1) 

where the number of taps in the filter = n + 1 . 

The values of the user-defined coefficients (hi) are as- 
signed via the MPI. Each of the coefficients (hi) is de- 
fined in the following general equation: 

hi = Bi2- M1 + B 2 2- M2 + ... + B N 2- MN , (2) 

where: 

the number of shifts = Mi < Mi.i 

sign = Bi = ±1 

N = Number of CSD coefficients. 

The value of hi in (2) represents a decimal number which 
is broken down into a sum of successive values of: 

±1 .0 multiplied by 2"°, or 2"\ or 2" 2 . . . 2~ 7 . . . 

or 

±1 .0 multiplied by 1 , or 1/2, or 1/4 .. . 1/128. . . . 

The limit on the negative powers of 2 is determined by 
the length of the registers in the ALU. 

The coefficient hi in Equation 2 can be considered to 
be a value made up of N binary 1s in a binary register 
where the leftmost part represents whole numbers, the 
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rightmost part represents decimal fractions, and a deci- 
mal point separates them. The first binary 1 is shifted Mi 
bits to the right of the decimal point, the second binary 1 
is shifted Ma bits to the right of the decimal point, the third 
binary 1 is shifted M 3 bits to the right of the decimal point, 
and so on. 

Note that when Mi is 0, the resulting value is a binary 1 
in front of the decimal point, that is, no shift. If M2 is also 
0, the result is another binary 1 in front of the decimal 
point, giving a total value of binary 10 in front of the 
decimal point (i.e., a decimal value of 2.0). The value of 
N, therefore, determines the range of values the coeffi- 
cient hi can take; for example, if N = 3 the maximum 
and minimum values are ±3, and if N = 4 the values are 
between ±4. 

Detailed Description of SLAC Coefficients 

The CSD coding scheme in the SLAC uses a value 
called mi, where mi represents the distance shifted right 
of the decimal point for the first binary 1 , m2 represents 
the distance shifted to the right of the previous binary 1 , 
and rro represents the number of shifts to the right of the 
second binary 1 . Note that the range of values deter- 
mined by N is unchanged. Equation 2 is now modified (in 
the case of N= 4) to: 

hi = B^ 1 + B 2 2- M2 + B 3 2" M3 + B 4 2" M4 (3) 
hi = Ci2" m1 +CiC 2 2-< m1+m2 > +CiC 2 C32-< m1+m2 + m3 > 

+ C1 C 2 C 3 Cl2-< m1 + + m3 + m4) (4) 

hi = Ci2- m1 • [1 + C 2 2" m2 • {1 + C 3 2- m3 • (1 + C 4 2- m4 )}] (5) 
where: 

Mi = mi and B1 = C1 

M2 = mi + rre B2 = C1 • C 2 

M3 = mi + m 2 + rrte B3 = C1 ■ C 2 ■ C3 

M4 = mi + m 2 + rri3 + rrvt B4 = C1 • C 2 • C3 ■ C4 

In the SLAC, a coefficient hi consists of N CSD coeffi- 
cients, each being made up of 4 bits and formatted as 
Cxymxy, where Cxy is one bit (MSB) and mxy is 3 bits. 
Each CSD coefficient is broken down as follows: 

Cxy is the sign bit (0 = positive, 1 = negative), 
mxy is the 3-bit shift code. It is encoded as a 
binary number as follows: 

000: illegal 

001 : 6 shifts 

010: 5 shifts 

01 1 : 4 shifts 

100: 3 shifts 

101: 2 shifts 

110: 1 shift 

111: Oshifts 
y is the coefficient number (the i in hi). 



x is the position of this CSD coefficient within 
the hi coefficient. It represents the relative 
position of the binary 1 represented by this 
CSD coefficient within the hi coefficient. The 
most significant binary 1 is represented by 
x = 1 . The next most significant binary 1 is 
represented by x = 2, and so on. 

Thus, Ci3mi3 represents the sign and the relative shift 
position for the first (most significant) binary 1 in the 4th 
(f)3) coefficient. 

The number of CSD coefficients, N, is limited to 4 in the 
GR, GX, R, X, and Z filter, and 3 for the B filter. Note also 
that the GX filter coefficient equation is slightly different 
from that of the other filters: 

hisx = 1 + hi (6) 

Please refer to the section detailing the commands for 
complete details on the programming of the coefficients. 

Two-Wire Impedance Matching 

A feedback path is provided from the transmit to the re- 
ceive section via the Z filter. This filter may be pro- 
grammed to modify the effective termination impedance 
(Zslic) of a SLIC or a transformer hybrid to a desired 
value. The desired impedance may be complex. This 
feature allows the user to terminate each SLIC in a Sub- 
scriber Line System with a fixed resistor and digitally 
modify their impedance using the Z filter. 

The X and R fitters are the Transmit and Receive attenu- 
ation distortion correction filters. These filter sections 
are programmed to compensate the attenuation distor- 
tion caused by the Z filter. 

Trans-Hybrid Balance 

In a traditional line card system, a balance network is 
used with the SLIC to achieve trans-hybrid balancing. If 
the balance network perfectly matches the subscriber's 
line, infinite trans-hybrid balancing is achieved. But in 
general, the matching in traditional systems is poor and 
trans-hybrid balancing is not very good. Some systems 
have up to 2 or 3 compromise networks per line that 
must be selected semi-automatically or manually to pro- 
vide the balance. 

In the SLAC, a feedback path is provided from the re- 
ceive to the transmit section via the B filter. This filter 
may be programmed to cancel the received signal from 
the transmit signal path and achieve a significantly im- 
proved level of trans-hybrid balance. 

Gain Adjustment 

Signal levels in the transmit and receive paths may be 
modified by programming the GX and GR filters. The GX 



2-54 



Am7905A Data Sheet 



FINAL 



AMD £J 



filter allows the user to add up to 12 dB of gain (with an 
accuracy of 0.051 dB up to 10.4 dB and ±0.15 dB up 
to 12 dB) in the transmit path. The GR filter allows the 
user to add up to 1 2 dB of loss (with an accuracy of 
±0.051 dB) in the receive path. 

Test Features 

The SLAC simplifies system testing by providing both 
digital and analog loop-back paths. Underprogram con- 
trol, either the DRA or DRB input is looped to the DXA or 
DXB output (digital loop-back) through a path from the 
output of the interpolator in the receive path to the input 
of the decimator in the transmit path. The Vin input is 
looped to the Vout output (analog loop-back) through the 
Zfilter. To allow testing of the subscriber loop cabling for 
leakage, the transmit high pass filter may be disabled 
and auto zero operation interrupted. The receive analog 
output may be programmed to open-circuit or cut off the 
receive path. This receive cut-off command may be 
used to stop oscillations in the four-wire side of the tele- 
phone network. 

The SLAC contains an auto-zero circuit in the A/D con- 
verter which takes several seconds to settle following a 
change in the offset voltage at Vin. To facilitate compo- 
nent testing of the SLAC, there is a test mode available 
to accelerate settling of the auto-zero circuit. This test 
mode is activated by holding the CS input at -5 V for at 
least 64 ms with the offset voltage applied to Vin (and no 
signal). The auto-zero will settle in this time. In acompo- 
nent test environment, this procedure should be fol- 
lowed after programming the filters. 

Note: The digital loopback (DLB) path processes an internal 
data word 2-bits shorter than in normal mode. Therefore, 
DLB signal processing performance is not equivalent to 
normal mode signal processing and does not meet the 
specified transmission specifications. DLB is recommended 
for use with dB programmed gain/attenuation and PCM 
signal levels above -25 dBmO. 

Standby Mode 

The SLAC is forced into the standby mode either by a 
hardware reset applied to the DCLK input or by recep- 
tion of the Inactivate command. In this mode, power is 
switched off from all circuitry that can be turned off. No 



transmission or reception of PCM data takes place. 
However, the circuits which contain programmed infor- 
mation retain their data. The Serial I/O Interface re- 
mains active to receive new commands. 

Power-On Clear 

Before any other commands are written to the SLAC, 1 3 
Inactivate commands should be sent to the serial port of 
the SLAC in case the SLAC powers up in the middle of a 
read sequence. Alternatively, a hardware reset opera- 
tion can be carried out by applying -5 V to the DCLK pin. 
A loss of MCLK should be treated like a loss of power. 

Stand-Alone Mode 

In the stand-alone mode, the serial interface is not used. 
The DCLK and Dio pins may be used to control the 
device. Applying -5 V to the DCLK pin resets the device 
and the Dio pin can subsequently be used to power-up or 
power-down the SLAC. 



DCLK 


Dio 







X 


Normal Mode 


1 


X 


Normal Mode 


-5 V 





Reset and Power-Down 


-5 V 


1 


Reset and Power-Up 



Reset State 

The Reset State of the device is: 

a. Both Transmit and Receive, Time and Clock Slots 
are set to 0. 

b. A-law is selected. 

c. B, X, R, Z filters are disabled. 

d. Both Transmit (GX) and Receive (RX) gains are 
set to unity. 

e. SLIC outputs (C5-C1) are set High. 

f. Normal conditions are selected. 

g . DXA/D RA po rts are sel ected . 

h. Device operates with 2. 048-MHz clock only. 
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u-Law: Positive Input Values 



Segment 
Number 



Number 
of Intervals 
X Interval 
Size 



Value at 
Segment 
End Points 



Decision 

Value 
Number n 



Decision 
Value 
x„(1) 



Character 
Signal (5) 



Bit Number 
12 3 4 5 6 7 8 



Value at 
Decoder 
Output 

V"(3) 



16x256 



16x128 



16x64 



16x32 



16x16 



16x8 



16x4 



15x2 



1 x1 



8159 



4063 



2015 



991 



479 



223 



95 



31 



(128) 
127 



113 
112 

97 
96 

81 
80 

65 
64 

49 
4.8 

33 
32 

17 
1.6 

2 
1 




(8159) 
7903 

4319 
4063 

2143 
2015 

1055 
991 

511 
479 

239 
223 

103 
95 

35 
3.1 

3 
1 




1 



(2) 



1 1 1 1 1 



(2) 



10 11111 



(2) 



10 10 1111 



(2) 



10 111111 



(2) 



110 1111 



(2) 



110 11111 



(2) 



1110 1111 



(2) 



11111110 



11111111 



8031 



4191 



2079 



1023 



495 



231 



99 



33 



2 




Notes: 1. 8159 normalized value units correspond to Tmax = 3. 17 dBmO. 

2. The character signal corresponding to positive input values between two 
(see column 4) is (255 -n) expressed as a binary number. 

3. The value at the decoder is y = x = for n= 0, and y„ = x " + x "»' for n= 1 

o 

4. xi!» is a virtual decision value. 

5. Bit 1 is a for negative input values. 



successive decision values numbered n and n + 1 
2 127. 
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A-Law: Positive Input Values 



6 



Segment 
Number 



Number 
of Intervals 
X Interval 
Size 



Value at 
Segment 
End Points 



Decision 

Value 
Number n 



Decision 
Value 
Ml) 



Character Signal 
Before Inversion 
of the Even Bits 



Bit Number 
12 3 4 5 6 7 8 




11111111 




(2) 


11110 




(2) 


1110 




(2) 


1 1 1 




(2) 


110 




(2) 


1 1 1 




(2) 


10 10 




(2) 


1 



Value at 
Decoder 
Output 

Y»(3) 



16x128 



16x64 



16x32 



16x16 



16x8 



16x4 



32x2 



4096 



2048 



1024 



512 



256 



128 



64 



(128) 
127 



113 
112 

97 
96 

81 

80 

65 
64 

49 
4.8 

33 
32 

1 





(4096) 
3968 

2176 
2048 

1086 
1024 

544 
512 

272 
256 

136 
128 

68 
64 

2 




4032 



2112 



1056 



528 



264 



132 



Notes: 1. 4096 normalized value units correspond to Tmax = 3.14 dBmO. 

2. The character signals are obtained by inverting the even bits of the signals of column 6. Before this inversion, the character 
signal corresponding to positive input values between two successive decision values numbered n and n + 1 (see column 4) is 
(1 28 + n) expressed as a binary number. 

3. The value at the decoder output is y„= x "-' + x " for n= 1 127, 128. 

o 

4. Xi2s is a virtual decision value. 

5. Bit 1 is a for negative input values. 
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ABSOLUTE MAXIMUM RATINGS 



Storage Temperature -60to125°C 

Ambient Temperature under Bias to 70°C 

Vcc with respect to DGND -0.4 to +6.0 V 

Vbb with respect to DGND +0.4 to -6.0 V 

Vin with respect to AGND Vbb to Vcc 



Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at 
or above these limits is not implied. Exposure to Absolute 
Maximum Ratings for extended periods may affect device 
reliability. 



OPERATING RANGES 

Commercial (C) Devices 

Ambient Temperature (T A ) to 70°C 

Vcc +5.0 V ±5% 

Vbb -5.0 V ±5% 

DGND V 

AGND DGND +100 mV 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 



DC CHARACTERISTICS over operating 



range (Note 1) unless otherwise specified 



Parameters 


Description 


Test Conditions 


Min 


Typ 


Max 


Units 


Zm 


Analog Input Impedance 


-3.2 V<Vin<3.2 V 


20 






k£2 


ZoUT 


Analog Output Impedance 

111! I ff | — " " I 


-3.2 V<Vout<3.2 V 






20 


Q 


VlOS 


Offset Voltage Allowed on Vin 








±40 


mV 


Voos 


Analog Output Offset Voltage 








±30 


mV 


V* 


Analog Input Voltage Range 








±3.2 


V 


VOR 


Analog Output Voltage Range 


R L >10k£i, C<50pF 






±3.2 


V 


loUT 


Analog Output Current 




350 






uA 


VlL 


Input Low Voltage (All Digital 
Inputs Except DCLK in Stand 
Alone Mode and CS in Auto-zero 
Speedup Mode) 




-0.5 




0.8 


V 


V,H 


Input High Voltage (All Digital Inputs) 




2.0 




Vcc 


V 


Vol 


Output Low Voltage 
(All Digital outputs) 


Iol=2 mA 






0.45 


V 


Voh 


Output High Voltage 
(All Outputs Except TSC) 


Ioh = 400 uA 


2.4 






V 


l0L 


Output Leakage Current 








±10 


uA 


k 


Input Leakage Current 








±1 


uA 


U. (V,„) 


Input Leakage Current on Vin Pin 








±0.2 


uA 


Ice (S) 


Vcc Supply Current (Standby) 


Vcc =5.25 V 
Vbb = -4.75 V 






15 


mA 


Ibb (S) 


Vbb Supply Current (Standby) 






10 


mA 


Ice (A) 


Vcc Supply Current (Active) 






60 


mA 


Ibb (A) 


Vbb Supply Current (Active) 






20 


mA 


PSRR 


Vcc Power Supply Rejection Ratio 


200 mV p-p @ 1 .02 kHz 
on the appropriate supply, 
Vcc=+5 V, V BB =-5V 


35 






dB 


PSRR 


Vbb Power Supply Rejection Ratio 


30 






dB 


C, 


Input Capacitance (Digital) 






5 




PF 


Co 


Output Capacitance (Digital) 






8 




PF 



Note: 1 . Typical values are for Ta = 25°C and nominal supply voltages. Min and max specifications are over the temperature and supply voltage 
ranges shown in the above table entitled "Operating Ranges." 
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TRANSMISSION CHARACTERISTICS 

All specifications are guaranteed with dB<GX<+12 
dB, -1 2 dB < G R < dB and A-law or u>law companded 
PCM, unless otherwise specified. 

When GR = dB, a 1 020-Hz sine wave signal with level 
of dBmO at the digital input will correspond to an rms 



voltage of 1 .6 V for A-law and 1 .588 V for u-law at the 
analog output. When GX = dB, a 1 020-Hz sine wave 
signal with rms voltage of 1 .569 V for A-law and 1 .557 V 
for u-law at the analog input will correspond to a level of 
dBmO at the digital output. 



Description 


Test Conditions 


Min 


Typ 


Max 


Units 


Attenuation Distortion 


1020 Hz @ -10 dBmO 




(see Fig. 12) 






Gain (either path) 

a. Deviation from ideal value 

b. Deviation from initial value 


1020 Hz @-10dBm0 


-0.2 
-0.2 




+0.2 
+0.2 


dB 
dB 


Group Delay Distortion (either path) 


-10 dBmO signal 




(see Fig. 1 4) 






Harmonic Distortion 


(Note 1) 






-40 


dB 


Intermodulation Distortion 


a. (Note 2) 

b. (Note 3) 






-35 
-49 


dB 
dBmO 


Crosstalk 

a. Go-to-Return Path 

b. Return-to-Go path 


300-3400 Hz, dBmO 
300-^3400 Hz, dBmO 




-90 
-90 


-70 
-70 


dB 
dB 


Gain Tracking (either path) 






(see Fig. 1 5 
& 17) 




dB 


Signal to Total Distortion (either path) 






(see Fig. 16, 
18, & 19) 




dB 


u-Law Companded PCM 


Idle Channel Noise (weighted, transmit) 








19 


dBrncO 


Idle Channel Noise (weighted, receive) 








15 


dBrncO 



A-Law Companded PCM 



Idle Channel Noise (weighted, transmit) 








-68 


dBmOp 


Idle Channel Noise (weighted, receive) 








-78 


dBmOp 



Notes: 1 . Applied signal is a 0-dBmO sine wave 

2. Two different frequencies, f 2 and ft, in the 
products are measured relative to the lev 

3. Any intermodulation product due to a 
-23 dBmO. 



300 to 3400 Hz. The signal measured is any frequency in the range 300 to 3400 Hz. 
range 300-3400 Hz and of equal levels in the range -4 to -21 dBmO are applied. 2f H2 
3l of either ft orf* 

in the range 300-3400 Hz with input level -9 dBmO and a 50-Hz signal with input level 
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1.3 
0.8 

Attenuation 
(dB) 

0.15 


-0.15 



J 



r - .y -y ,,- J- ,,- „- ,,- ,y ,f ,r ,,- .y ,y ~ , 



I I 







■y I? ,v ,y 3 !? !? ,y ? ,v 3 ,v ,v I? 5 ,v v J 



I 1 1^ if f " if f ■"• J - ■"• f " 

200 300 

Frequency (Hz) 



\ I I 

3000 3400 3600 



I I Transmit Path Only 
Note: Measured per CCITT Rec. G.714 Paragraph 7. 

Figure 12. Attenuation Distortion Transmit or Receive Path 



o 

-10 - 

-20 " 

-30 " 



Attenuation 
(dB) -40 



-50 " 
-60 - 



Notes: 1 . The frequency is 1 020 Hz. 
2. Input signal level is dBmO. 
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Figure 13. Out-of-Band Signals (End-to-End) 
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420 



Delay 

(Us) 



150 



85 



&JL. 



SLAC Specification 
(Either Path) 



Ssssssssssssssss/ssA 



I I 



J L 



500 600 1 000 



2600 2800 



Note: Minimum value of group delay is taken as reference. 



Figure 14. Group Delay Distortion (Either Path) 



1.4 



Gain 
Variation 
(dB) 



0.5 
0.3 


-0.3 
-0.5 



-1 .4 



-//////////////////. 



-55 -50 -40 



-©- 



-10 



9 < -- ■ ■■" ~ l -" ' -- ' ■<■ J ,:■ .1 <■ J J> 



+3 



Input Level 
' (dBmO) 



Note: Measured per CCITT Rec. G.714 Paragraph 15. 

Figure 15. Gain Tracking with Tone (Method 2) Transmit or Receive Path 
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Signal-to-Total 
Distortion 
Ratio (dB) 



35 



29 
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Note: Measured per CCITT Rec. G.714 Pi 



Figure 16. Signal-to-Total Distortion With Tone (Method 2) Transmit or Receive Path 



a. Noise Test Signal 



b. Sinusoidal Test Signal 
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Note: Measured per CCITT Rec. G.714 Paragraph 15. 
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Figure 17. Gain Tracking with Noise (Method 1) Transmit or Receive Path 
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Signal-to-Total 
Distortion 
Ratio (dB) 




-34 -27 
Input Level (dBmO) 



Note: Measured per CCITT Rec. G.714 Paragraph 14. 



Figure 18, Signal-to-Total Distortion With Noise 
(Receive Path— Method 1) 




Figure 19. Signal-to-Total Distortion With Noise 
(Transmit Path— Method 1) 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Ta = to 70°C, Voc = +5 V ±5%, Vbb =-5 V ±5% (see Notes 1 , 5 & 6) 



No. 


Parameter 


Description 


Min 


Typ 


Max 


Units 


Serial Interface Input Mode 


1 


tDCH 


Data Clock High Pulse Width (Note 2) 


0.220 




20 


us 


2 


tDCL 


Data Clock Low Pulse Width (Note 2) 


0.220 






us 


3 


toCR 


Rise Time of Clock 


5 




50 


ns 


4 




Fall Time of Clock 


5 




50 


ns 


5 


ticss 


Chip Select Setup Time 


175 






ns 


6 


tlCSH 


Chip Select Hold Time 


50 






ns 


7 


tlCSL 


Chip Select Pulse Width (Notes 3 & 7) 




8 tDCY 




ns 


8 


ticso 


Chip Select Off Time after byte written to or 

before byte read from B, Z, X, R, GX, or GR 

in Active mode. 

MCLK = 2.048 MHz 

MCLK = 4.096 MHz 

Otherwise: 

MCLK = 2.048 MHz 

MCLK= 4.096 MHz 


32 tMCY 
64 tMCY 

7 tMCY 
1 4 tMCY 








9 


tios 


Input Data Setup Time 


50 






ns 


10 


tlDH 


Input Data Hold Time 


30 






ns 


11 


tom 


Output Latch Propagation Delay 


0.75 




2.1 


us 


Serial Interface Output Mode 


12 


tocss 


Chip Select Setup Time 


150 






ns 


13 


toCSH 


Chip Select Hold Time 


50 






ns 


14 


toCSL 


Chip Select Pulse Width (Notes 3 & 7) 




8 Idcy 




ns 


15 


toCSO 


Chip Select Off Time After Byte written to or 

before byte read from B, Z, X, R, GX, or GR 

in Active mode. 

MCLK = 2.048 MHz 

MCLK = 4.096 MHz 

Otherwise: 

MCLK = 2.048 MHz 

MCLK= 4.096 MHz 


32 tMCY 
64 tMCY 

7 tMCY 
1 4 t M CY 






• 


16 


toDD 


Output Data Turn on Delay 






100 


ns 


17 


toDH 


Output Data Hold Time 


30 






ns 


18 


toDOF 


Output Turn off Delay 






100 


ns 


19 


to DC 


Output Data Valid 


30 




150 


ns 


PCM Interface 


25 


tpSS 


Frame Sync Setup Time 


50 




(tMCY-30) 


ns 


26 


tFSH 


Frame Sync Hold Time (Companded Mode) 


30 




(8 tMcv -50) 


ns 


27 


ttSD 


Delay to TSC Valid (Note 4) 


(N tMCY +30) 




(N t„CY +150) 


ns 


28 


tTSO 


Delay to TSC Off (High Impedance) 


30 






ns 


29 


toXD 


PCM Data Output Delay 


95 




185 


ns 


30 


toXH 


PCM Data Output Hold Time 


30 




100 


ns 


31 


toxz 


PCM Data Output Delay to High Z 


45 




90 


ns 


32 


tDRS 


PCM Data Input Setup Time 


50 






ns 


33 


tDRH 


PCM Data Input Hold Time 


30 






• ns 
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SWITCHING CHARACTERISTICS (continued) 



Master Clock (2.048 MHz) 



34 


tMCY 


Master Clock Period 


488.23 


488.28 


488.33 


ns 


35 


tMCH 


Master Clock High Pulse Width 


220 






ns 


36 


tMCL 


Master Clock Low Pulse Width 


238 






ns 


37 


tMCR 


Rise Time of Clock 


5 




15 


ns 


38 


tMCF 


Fall Time of Clock 


5 




15 


ns 


Master Clock (4.096 MHz) 


39 


tMCY 


Master Clock Period 


244.11 


244.14 


244.17 


ns 


40 


tMCH 


Master Clock High Pulse Width 


110 






ns 


41 


tMCL 


Master Clock Low Pulse Width 


115 






ns 


42 


tMCR 


Rise Time of Clock 


5 




15 


ns 


43 


tMCF 


Fall Time of Clock 


5 




15 


ns 



Notes: 1 . Min and Max values are valid on all digital outputs except Cs-Ci with a 1 50-pF load. Cs-Ci outputs are valid with a 30-pF 
load. 

2. The Data Clock may be stopped in the Low state indefinitely without loss of information. Data will not be clocked in or out 
while the clock is in the Low state. 

3. Chip Select Pulse Width is nominally 8 Data Clock Cycles with a minimum value of 7 Data Clock Cycles + tcsH + toss and 
a maximum value of 9 Data Clock Cycles -ticsH-ticss. 

4. TSC is delayed from FS by a typical value of N t M cY, where N is the value stored in the Time/Clock Slot register. 

5. The Frame Sync pulses repeat at an 8-kHz rate. 

6. FS and MCLK must be synchronized and exactly 256 cycles of MCLK must be guaranteed between Frame Syncs. 

7. treY is 1 Data Clock Cycle. 



SWITCHING WAVEFORMS 

Input and Output Waveforms 
For AC Tests 



Master Clock Timing 



2.4 



0.45 
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Serial Interface (Input Mode) 
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Serial Interface (Output Mode) 
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8-Channel Subscriber Line Card 



Subscriber ■ 
Line 1 ' 



AX (TIPX) V™ 
BX (RINGX) RSN 

SLIC 
1 

Eo 
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Line 8 ' 



AX (TIPX) 


Vtx 


BX (RINGX) 
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SLIC 
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DXA 


VoUT 


TSCA 
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Am79C02/3(A) 



Advanced 
Micro 

Dual Subscriber Line Audio-Processing Circuit (DSLAC™ Device) Devices 



DISTINCTIVE CHARACTERISTICS 

■ Software programmable: 

-SLIC impedance 

-Trans-hybrid balance 

-Transmit and Receive gains 

-Equalization 

-Digital I/O pins 

-Time Slot Assigner 

-PCM transmit clock edge options 

■ Adaptive trans-hybrid balance filter 
(Am79C02/3A only) 

■ A-law or u-law coding 



Dual PCM ports 

-Up to 8.192 MHz (128 channels per port) through 
the PCM Interface 
2.048- or 4.096-MHz master clock 
Direct transformer drive 
Built-in test modes 
Low-power CMOS 

Mixed mode (analog and digital) impedance 
scaling 

Performance characteristics guaranteed over 
12-dB gain range 



GENERAL DESCRIPTION 

The Am79C02/3(A) Dual Subscriber Line Audio- 
Processing Circuit (DSLAC device) integrates the 
key functions of an analog linecard into one program- 
mable, high-performance dual Codec-filter device. The 
DSLAC device is based on the proven design of the 
reliable Am7901A Subscriber Line Audio-Processing 
Circuit (SLAC™ device). The advanced architecture of 
the DSLAC device implements two independent chan- 
nels and employs digital filters to allow software control 



of transmission, thus providing a cost-effective solution 
for the four-wire-to-PCM section of a linecard. 

Advanced CMOS technology makes the Am79C02/3(A) 
DSLAC device an economical device that has both the 
functionality and the low-power consumption needed by 
linecard designers to maximize linecard density at mini- 
mum cost. When used with two SLICs, the DSLAC 
device provides a complete, software-configurable solu- 
tion to the BORSCHT function. 



BLOCK DIAGRAM 



Am79C02 (03) Dual SLAC Device 
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*C5i and C5 2 not on DIP version. 

This document contains information on a product under development at Advanced Micro Devices, inc. The information is intended to help you 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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CONNECTION DIAGRAMS 
Top View (Am79C02 only) 
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40-Pin DIP 
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Note: 1 . Pin 1 is marked for orientation purposes. 

2. RSRVD = Reserved pin, should not be connected externally to any signal or supply. 
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Top View (Am79C03 only) 
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Note: Pin 1 is marked for orientation purposes. 
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ORDERING INFORMATION 
Standard Products 

AMD® standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 



AM79C02/3 



TEMPERATURE RANGE 

*C = Commercial (0°C to 70°C; 

Relative Humidity = 15% to 85%) 



PACKAGE TYPE 



P = 40-Pin Plastic DIP (PD 040)— Am79C02 Only 
32-Pin Plastic DIP (PD 032)— Am79C03 Only 
D = 40-Pin Ceramic DIP (CD 040)— Am79C02 Only 
J = 44-Pin Plastic Leaded Chip Carrier (PL 044)— Am79C02 Only 
32-Pin Plastic Leaded Chip Carrier (PL 032)— Am79C03 Only 

DEVICE OPTIONS 

Blank = Standard Device 

A = Adaptive Trans-hybrid Balance 



DEVICE NUMBER/DESCRIPTION 

Am79C02/3 

Dual Subscriber Line Audio-Processing Circuit (DSLAC Device) 



Valid Combinations 


AM79C02 


ADC, AJC, APC 


DC, JC, PC 


AM79C03 


APC, PC, JC 



Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consult the 
local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional data 
on the AMD standard military grade products. 



*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the DSLAC Extended 
Temperature Supplement (page 2-153) for information on industrial temperature range (-40°C to +85°C) specifications. 
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PIN DESCRIPTION 

C1,-C5i, C12-C5 2 

SLIC Inputs/Outputs (Inputs/Outputs) 

The five SLIC control lines per channel are TTL compat- 
ible and bi-directional. They can be used to monitor 
or control the operation of a SLIC or any other device 
associated with the subscriber line. Lines C1i-C5i 
are associated with Channel 1, and lines CI2-C52 
are associated with Channel 2. The C5i and C52 lines 
are only available on the 44-pin PLCC version of the 
Am79C02(A). 

CHCLK 

SLIC Clock (Output) 

This output provides a 256-kHz, 50%-duty cycle, TTL- 
compatible clock for use by two SLICs. The CHCLK 
frequency is synchronous to MCLK but the phase 
relationship to MCLK is random. CHCLK is capable of 
driving two TTL inputs. 

CS,,CS 2 

Chip Selects (Inputs, Active Low) 

The Chip Select inputs enable the device to read or write 
control data. CS1 is for the Channel 1 microprocessor in- 
terface. CS2 is for the Channel 2 microprocessor 
interface. 

DCLK 

Data Clock (Input) 

The Data Clock input shifts data either into or out of the 
Microprocessor Interface of the DSLAC device. The 
maximum clock rate is 4.096 MHz. 

Din 

Data Input (Input) 

Control data is serially written into the DSLAC device via 
the Din pin with the most significant bit first. The Data 
Clock determines the data rate. Din and Dout may be 
strapped together to reduce the number of connections 
to the microprocessor. (Not available on the Am79C03.) 

Dout 

Data Output (Output) 

Control data is serially read out of the DSLAC device via 
the Dout pin with the most significant bit first. The Data 
Clock determines the data rate. Dout is high impedance 
except when data is being transmitted from the DSLAC 
device under control of CS1 or CS2. Din and Dout may be 
strapped together to reduce the number of connections 
to the microprocessor. (Not available on the Am79C03.) 

D10 

Data Input/Output 

Control data is serially written into and read out of the 
Am79C03(A) DSLAC device via the D10 pin with the most 
significant bit first. The Data Clock determines the data 
rate. D10 is high impedance except when data is being 
transmitted from the DSLAC device under control of 



CS1 or CS2. Dio replaces Din and Dout found on the 
Am79C02(A). 

DRA, DRB 

PCM Inputs (Inputs) 

The Receive PCM data for Channels 1 and 2 is serially 
received on either the DRA or the DRB port with port 
selection under user program control. Eight bits are re- 
ceived with the most significant bit first. Data for each 
channel is received in 8-bit bursts every 1 25 us at the 
PCLK rate. 

DXA, DXB 

PCM Outputs (Outputs) 

The Transmit PCM data from Channels 1 and 2 is sent 
serially through either the DXA or DXB port with port 
selection under user program control. Eight bits are 
transmitted with the most significant bit first. The output 
is available every 125 us and the data is shifted out in 
8-bit bursts at the PCLK rate. DXA and DXB are high 
impedance between bursts and while the device is in the 
Inactive mode. 

FS 

Frame Sync (Input) 

The Frame Sync pulse is an 8-kHz signal that identifies 
the beginning of a frame. The DSLAC device references 
individual time slots with respect to this input, which must 
be synchronized to PCLK. 

MCLK 

Master Clock (Input) 

The Master Clock must be a 2.048-MHz or 4.096-MHz 
clock input for use by the digital signal processor. MCLK 
may be asynchronous to PCLK. 

PCLK 

PCM Clock (Input) 

The PCM clock determines the rate at which PCM data is 
serially shifted into or out of the PCM ports. PCLK is an 
integer multiple of the frame sync frequency. The maxi- 
mum clock frequency is 8.192 MHz and the minimum 
clock frequency is 128 kHz. The PCLK clock may be 
asynchronous to MCLK. 

RST 

Reset (Input, Active Low) 

A TTL Low signal on this input resets the DSLAC device 
to its default state. (Not available on the Am79C03.) 

TSCA.TSCB 

Time Slot Control (Outputs, Open Drain, Active Low) 

The Time Slot Control outputs are open drain (requiring 
pull-up resist ors) and are normally inactive (high imped- 
ance). TSCA is active ( Low) w hen PCM data is present 
on the DXA output and TSCB is active (Low) when PCM 
data is present on the DXB output. 
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VlN1, VlN2 

Analog Inputs (Inputs) 

The analog input is applied to the transmit path of 
the DSLAC device. The signal is sampled, digitally proc- 
essed and encoded for the PCM output. Vim is the input 
for Channel 1 and Vi N 2 is the input for Channel 2. 

Vouti, Vout2 

Analog Outputs (Outputs) 

The received PCM data is digitally processed and con- 
verted to an analog signal at the Vout pin. Vouti is the out- 
put from Channel 1 and Vout2 is the output for Channel 2. 
These outputs can directly drive a transformer SLIC. 

For Am79C02: 

AGND1 Analog Ground (Channel 1) 

AGND2 Analog Ground (Channel 2) 

DGND1 Digital Ground 1 

DGND2 Digital Ground 2 

PGND PCM I/O Ground 

Vcoai +5-V Analog Power Supply (Channel 1) 

Vcca2 +5-V Analog Power Supply (Channel 2) 

Vccdi +5-V Digital Power Supply. Internally 

connected to substrate on the IC. 
Vccd2 +5-V Digital Power Supply. Internally 

connected to substrate on the IC. 
Vccp +5-V PCM I/O Power Supply. Internally 

connected to substrate on the IC. 
Veei -5-V Power Supply (Channel 1) 

Vee2 -5-V Power Supply (Channel 2) 

For Am79C03: 
AGND Analog Ground 
DGND Digital Ground 
Vcca +5-V Analog Power Supply 

Vccd +5-V Digital Power Supply. Internally 

connected to substrate on the IC. 
Veei -5-V Power Supply (Channel 1) 

Vee2 -5-V Power Supply (Channel 2) 

The many separate power supply inputs are intended to 
provide for good power supply decoupling techniques. 
Note that all of the +5-V inputs should be connected to 
the same source, all of the ground inputs should be con- 
nected to the same source, and both of the -5-V inputs 
should be connected to the same source. 

FUNCTIONAL DESCRIPTION 

The DSLAC device performs the Codec/filter functions 
associated with the four-wire section of the subscriber 
line circuitry in a digital switch. These functions involve 
converting an analog voice signal into digital PCM sam- 
ples and converting digital PCM samples back into an 
analog signal. During conversion, digital filters are used 
to band-limit the voice signals. 

Independent channels allow the DSLAC device to func- 
tion as two SLAC devices. All of the digital filtering is 
performed in digital signal processors operating from 
either a 2.048-MHz or 4.096-MHz external clock. The 
A/D, D/A, and signal processing is separate for each 



channel and each channel has its own chip select (CS1 
and CS2) to allow separate programming. 

The user-programmablef ilters set the receive and trans- 
mit gain, perform the trans-hybrid balancing function, 
permit adjustment of the two-wire termination imped- 
ance, and provide frequency attenuation adjustment 
(equalization) of the receive and transmit paths. All pro- 
grammable digital filter coefficients can be calculated us- 
ing the AmSLAC2™ software. The PCM codes can be 
either 8-bit companded A-law or p.-law. The PCM data is 
read or written to the PCM highway in user-programma- 
ble time slots at rates of 1 28 kHz to 8. 1 92 MHz. The out- 
put hold time and the transmit clock edge can be selected 
for compatibility with other devices which can be con- 
nected to the PCM highway. 

Two pin configurations of the DSLAC device are offered 
with the PCM interface described above. The 
Am79C02(A), the original version of the DSLAC device, 
is available in both 40-pin DIP and 44-pin PLCC pack- 
ages. The PLCC version has one extra SLIC I/O line per 
channel. The Am79C03(A) is a reduced pin-count ver- 
sion obtained by consolidating a number of ground and 
power supply buses on-chip, and eliminating the hard- 
ware reset function. The Am79C03(A) is available in 
both 32-pin plastic DIP and 32-pin PLCC packages. The 
"A" version of both devices (e.g., Am79C02A) offers an 
adaptive trans-hybrid balance feature described in the 
Adaptive B-Filter Overview. 

The following documentation describes the operation of 
a single channel of the DSLAC device. The description 
is valid for either Channel 1 or 2. Vin in this data sheet 
refers to either Vim or Vin2, Vout refers to either Vouti 
or V0UT2, and CS refers to either CS1 or CS2. 

Operational Modes 
Active Mode 

Each channel of the DSLAC device can operate in either 
the active (operational) or inactive (standby) mode. In 
the active mode, the DSLAC device is able to transmit 
and receive PCM and analog information. This is the nor- 
mal operating mode when a telephone call is in progress. 
The Activate command, Microprocessor Interface (MPI) 
Command #5, puts the device into this state. Bringing 
the DSLAC device into the active mode is only possible 
through the MPI. 

Inactive Mode 

The Am79C02(A) DSLAC device is forced into the inac- 
tive (standby) mode at power-up, by a hardware or 
software reset, or is programmed into this mode by the 
inactivate command (Command #1). The Am79C03 
DSLAC device is forced into the standby mode at power- 
up or by a software reset. No transmission or reception 
of PCM data takes place, but the circuits which contain 
programmed information retain their data. Power is 
switched off from all non-essential circuitry, though 
the MPI remains active to receive new commands. The 
analog output is tied to ground through an approx- 
imately 3-Kohm resistor. 
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Reset State 

An active Low, hardware Reset pin (RST) is available on 
the Am79C02 which resets the device to the following 
default state. (For the Am79C03, when power is first ap- 
plied, an internal power-on reset puts the device into the 
following default state.) 

1 . A-law is selected. 

2. B, X, R, and Z filters are disabled and AISN gain is 
zero. 

3. Digital (GX and GR) gain blocks are disabled, re- 
sulting in unity gain, and analog (AX and AR) gains 
are set to unity. 

4. SLIC input/output direction is set to the input mode. 

5. Normal conditions are selected (see Command #4). 

6. The B-filter adaptive mode is turned off. 

7. Both channels are placed in the Inactive (standby) 
mode. 

8. Transmit time, receive time, and clock slots are set 
to zero. 

9. DXA/DRA ports are selected for Channel 1 . 

10. DXB/DRB ports are selected for Channel 2. 

11. MCLK is selected to be 4.096 MHz. 

12. The transmit outputs are selected to change on the 
negative edge of PCLK. 

13. PCM Delay is inserted. 

Reset states 1 to 7 are identical to those of the software 
reset (Command #2), but the hardware (or power-on) 
reset applies to both channels simultaneously. When 
power is initially applied to the DSLAC device or 
when RST is asserted (Am79C02 only), the following 
sequence of actions is necessary to ensure correct op- 
eration of the DSLAC device. 

1 . Select MCLK frequency (Command #6). 

2. Software reset (Command #2). 

3. Program filter coefficients and all other required 
parameters. 

Upon initial application of power, a minimum of 1 ms is 
needed before CSi or CS> may go Low and an MPI 
command initiated. If the power supply (Vccdi or Vccd2) 
falls below approximately 2.0 V, the device is software- 
reset and will require complete reprogramming with the 
above sequence. Bit 7 of the SLIC Direction Register 
will read back as a logical 1 to indicate a power inter- 
ruption has been detected. This bit is cleared when a 
soft ware reset command is sent to the DSLAC device. 
The RST pin may be tied to +5 V if it is not needed in the 
system (Am79C02 only). 

Signal Processing 
Overview of Digital Filters 

Several of the blocks in the signal processing section 
are user programmable. These allow the user to opti- 
mize the performance of the DSLAC device for the 



system. Figure 1 shows DSLAC device signal process- 
ing and indicates the programmable blocks. 

The advantages of digital filters are: 

-high reliability; 

-no drift with time or temperature; 
-unit-to-unit repeatability; and, 
-superior transmission performance. 

Two-Wire Impedance Matching 

Two feedback paths on the DSLAC device modify the 
effective two-wire input impedance of the SLIC by pro- 
viding programmable feedback from Vin to Vout. The 
Analog Impedance Scaling Network (AISN) provides a 
programmable analog gain of -0.9375 to +0.9375 from 
Vin to Vout. The Z filter is a programmable digital filter, 
also connecting Vin to Vout. 

Distortion Correction and Equalization 

The DSLAC device contains programmable filters in the 
receive (R) and transmit (X) directions. These may be 
programmed for line equalization and to correct any 
attenuation distortion caused by the Z filter. 

Trans-Hybrid Balancing 

The DSLAC device's programmable B filter is used to ad- 
just trans-hybrid balance. The filter has a single-pole MR 
section (B-IIR) and an eight-tap FIR section (B-FIR), 
both operating at 16 kHz. The DSLAC device has an 
optional adaptive mode for the B filter which may be 
used to achieve optimum performance. The Echo Path 
Gain (EPG) and Error Level Threshold (ELT) registers 
contain values which determine the adaptive mode 
performance. 

Gain Adjustment 

The DSLAC device transmit path has two programmable 
gain blocks. Gain block AX is an analog gain of dB or 
6.02 dB, located immediately before the A/D converter. 
Gain block GX is a digital gain that is programmable to 
any gain from dB to +1 2 dB with a worst case step size 
of 0.1 dB for gain settings below +10 dB, and a worst 
case step size of 0.3 dB for gain settings above +10 dB. 
The filters provide a net gain in the range of dB to 1 8 dB. 

The DSLAC device receive path has two programmable 
loss blocks. Loss block GR is a digital loss that is pro- 
grammable from dB to 12 dB with a worst case 
step size of 0.1 dB. Loss block AR is an analog loss of 
dB or 6.02 dB, located immediately after the D/A con- 
verter. This provides a net loss in the range of dB 
to 18dB. 

Transmit Signal Processing 

In the transmit path, the analog input signal is A/D con- 
verted, filtered, companded (A- or (i-law), and made 
available for output to the PCM highway. The signal 
processor contains an ALU, RAM, ROM, and control 
logic to implement the filter sections. The B, X, and GX 
blocks are user-programmable digital filter sections with 
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Figure 1. DSLAC Device Signal Processing 
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Figure 2. Transmit PCM Interface 



coefficients stored in the coefficient FtAM. AX is an ana- 
log amplifier which can be programmed for 0-dB or 
6.02-dB gain. The filters may be made transparent when 
not required in a system. 

The decimator reduces the high input sampling rate to 
1 6 kHz for input to the B, GX, and X filters. The X filter is a 
6-tap Fl R section which is part of the frequency response 
correction network. The B filter operates on samples 
from the receive signal path in order to provide trans- 
hybrid balancing in the loop. The high-pass filter rejects 
low frequencies such as 50 or 60 Hz and may be 
disabled. 

Transmit PCM Interface 

The transmit PCM interface receives an 8-bit com- 
pressed code from the digital A-/u.-law compressor. The 
transmit PCM interface logic (Figure 2) controls the 
transmission of the data onto the PCM highway through 
the output port selection circuitry and the time and clock 
slot control block. 



The frame sync (FS) pulse identifies the beginning of a 
transmit frame and all channels (time slots) are refer- 
enced to it. The logic contains user-programmable 
Transmit Time Slot and Transmit Clock Slot registers. 

The Time Slot register is 7 bits wide and allows up to 1 28 
8-bit channels (using a PCLK of 8.192 MHz) in each 
frame. This feature allows any clock frequency between 
128 kHz and 8.1 92 MHz (2 to 128 channels) in a system. 
The Clock Slot register is 3 bits wide and may be pro- 
grammed to offset the time slot assignment by to 7 
PCLK periods to eliminate any clock skew in the system. 
The data is transmitted in bytes with the most significant 
bit first. 

The PCM data may be user-programmed for output onto 
either th e DXA or DXB port. Correspondingly, either 
TSCA or TSCB is Low during transmission. 

The DXA/DXB and TSCA/TSCB outputs can be pro- 
grammed to change either on the negative or positive 
edge of PCLK. In the first case, an extra delay (PCM 
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delay) in the timing of the DXA and DXB signals may 
be programmed to allow timing compatibility with other 
devices on the PCM highway. 

Receive Signal Processing 

In the receive path, the digital signal is expanded, fil- 
tered, converted to analog, and passed to the Vout pin. 
The signal processor contains an ALU, RAM, ROM, and 
Control logic to implement the filter sections. The Z, R, 
and GR blocks are user-programmable filter sections 
with their coefficients stored in the coefficient RAM while 
AR is an analog amplifier which can be programmed for a 
O-dB or 6.02-dB loss. The filters may be made transpar- 
ent when not required in a system. 

The low-pass filter band limits the signal. The R filter is 
a 6-tap FIR section operating at a 16-kHz sampling 
rate and is part of the frequency response correction net- 
work. The analog impedance scaling network (AISN) is a 
user-programmable gain block providing feedback from 
Vin to Vout to emulate different Zsuc impedances from a 
single external Zsuc impedance. The Z filter provides 
feedback from the transmit signal path to the receive 
path and is used to modify the effective input impedance 
to the system. The interpolator increases the sampling 
rate prior to D/A conversion. 

Receive PCM Interface 

The receive PCM interface logic (Figure 3) controls 
the reception of data bytes from the PCM highway, trans- 
fers the data to the A-/u.-law expansion logic, and then 
passes the data to the receive path of the signal proces- 
sor. The frame sync (FS) pulse identifies the beginning 
of a receive frame, and all channels (time slots) are 
referenced to it. 

The logic contains user-programmable Receive Time 
Slot and Receive Clock Slot registers. The Time Slot 
register is 7 bits wide and allows up to 1 28 8-bit chan- 
nels (using a PCLK of 8.192 MHz) in each frame. This 
feature allows any clock frequency between 128 kHz and 
8.192 MHz (2 to 128 channels) in a system. The Clock 
Slot register is 3 bits wide and may be programmed to 
offset the time slot assignment by to 7 PCLK periods to 
eliminate any clock skews in the system. The PCM data 
may be user-programmed for input from either the DFIA 
or DRB port. 



Analog Impedance Scaling Network (AISN) 

The AISN is incorporated in the DSLAC device to scale 
the value of the external Zsuc impedance. Scaling this 
external impedance with the AISN(alongwiththeZ filter) 
allows matching of many different line conditions using a 
single impedance value. Linecards may be designed for 
many different specifications without any hardware 
changes. 

The AISN is a programmable gain that is connected 
across the DSLAC device input from Vin to Vout. The gain 
can be varied from -0.9375 to +0.9375 in 31 steps of 
0.0625. The AISN gain is given by the following equation: 

hAisN = 0.0625 [(A • 2" + B ■ 2 3 + C • 2 2 

+ D • 2' + E • 2°) - 16] 

where A, B, C, D, and E = 1 or 0. 

The AISN gain is used to alterthe input impedance of the 
DSLAC device and SLIC as shown in Figure 4. 

The input impedance into the DSLAC device from the 
SLIC is given by: 

- G44 h«SN _. 



Zn = 



1 ■ 



1 — G44O flAISN 

where G440 (defined as G 24 G42 + G44) is the echo gain 
into an open circuit and G« is the echo gain into a 
short circuit. 

There are two special cases to the formula for Iiaisn: 
1) value of ABCDE = 00000 will specify a gain of (or 
cutoff), and 2) a value of ABCDE = 10000 is a special 
case where the AISN circuitry is disabled and the Vout 
pad is connected internally to Vin with a gain of dB. This 
allows a digital-to-digital loopback mode wherein a digi- 
tal PCM input signal is completely processed through 
the receive section all the way to the Vout pin. The signal 
is then connected internally to Vin where it is processed 
through the transmit section and output as digital PCM 
data. 

Speech Coding 

The A/D and D/A conversion follows either the A-law 
or the u-law as they are defined in CCITT Rec. G.71 1 . 
A-law or u-law operation is programmed using MPI 
Command #19. Alternate bit inversion is performed as 
part of the A-law coding. 
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Figure 3. Receive PCM Interface 
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Command Description and Formats 

Microprocessor Interface Description 

A microprocessor may be used to program the DSLAC 
device and control its operation using the Micropro- 
cessor Interface (MPI). Data programmed previously 
may be read out for verification. For each channel, 
commands are provided to assign values to the following 
parameters. 

-Transmit time slot 
-Receive time slot 
-Transmit clock slot 
-Receive clock slot 
-Transmit gain 
-Receive loss 
-B-filter coefficients 
-X-filter coefficients 
— R-fifter coefficients 
— Z-fifter coefficients 
-Adaptive B filter parameters 
-AISN coefficient 
-Read/Write SLIC Input/Output 
-Select A-law or u-law code 
-Select Transmit PCM Port A or B 
-Select Transmit PCM clock edge 
-Select Transmit PCM delay 
-Select Receive PCM Port A or B 
-Enable/disable B filter 
-Enable/disable Z filter 
-Enable/disable X filter 
-Enable/disable R filter 
-Enable/disable GX filter 



-Enable/disable GR filter 
-Enable/disable AX amplifier 
-Enable/disable AR amplifier 
-Enable/disable adaptive B filter 
-Select test modes 

-Select active or inactive (standby) mode 

The following description of the MPI is valid for either 
Channel 1 or^ Whenever CS is specified, it refers to 
either CS or CS2. If desired, both channels may be pro- 
grammed simultaneously with identical information by 
activating CSi and CS2 at the same time. 

The MPI consists of serial data input (Din or D10 on 
Am79C03), output (DouiorDio on Am79C03), data clock 
(DCLK), and a separate chip select (CS1 and CS2) input 
for each channel (Figure 5). The serial input consists of 
8-bit command words which may be followed with addi- 
tional bytes of input data or may be followed by the 
DSLAC device sending out bytes of data. All data input 
and output is MSB (D 7 ) first and LSB (Do) lastAII data 
bytes are read or written one at a time, with CS going 
High for at least the minimum off-period before the next 
byte is read or written. 

All commands requiring additional input data to the de- 
vice must have the input data as the next N words written 
into the device (for example, framed by the next N transi- 
tions of CS). All commands followed by output data will 
cause the device to output data for the next N transitions 
of CS going Low. The DSLAC device will not accept any 
input commands until all the data has been shifted out. 
Unused bits in the data bytes are read out as zeros. 

A command sequence to one channel must be finished 
before a command can be sent to the other channel. 
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Figure 5. Microprocessor Interface Timing Diagram 



An MPI cycle is defined by transitions of CS and DCLK. If 
the CS lines are held in the H igh state between accesses, 
the DCLK may run continuously with no change to the 
internal control data. Using this method, the same DCLK 
may beam to a number of DSLAC devices and the indi- 
vidual CS lines will select the appropriate device to ac- 
cess. Between command sequences, DCLK can stay in 
the High state indefinitely with no loss of internal 



control information regardless of any transitions on the 
CS lines. Between bytes of a multi-byte read or write 
command sequence, DCLK can also stay in the High 
state indefinitely; however, each low-going transition of 
the CS line will still advance the byte counter. DCLK can 
stay in the Low state indefinitely with no loss of internal 
control information, provided the CS lines remain at a 
High level. 
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Summary of MPI Commands 
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Write RX Time Slot & PCM Highway 


10. 


43 


o 




o 


o 


o 


o 


1 


1 


Read RX Time Slot & PCM Hiahwav 


11. 


44 





1 











1 








Write RX & TX Clock Slot and TX Clock Edge 
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Read RX & TX Clock Slot and TX Clock Edge 
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Read AISN, PCM delay, Analog Gains 
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Write SLIC Input/Output Register 
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Read SLIC Input/Output Register 


17. 


54 





1 





1 





1 








Write SLIC Input/Output Direction 


18. 


55 





1 





1 





1 





1 


Read SLIC I/O Direction, Power Interruption 






















Bit, and Channel Status Bit 


19. 


60 







1 

















Write Operating Functions 


20. 


61 







1 










1 


DpaH Ortoratinn P-iinotir»nQ 
ncau wjjcicuiiiy ruiiouunb 


21. 


70 





1 


1 


1 














Write Operating Conditions 


22. 


71 





1 


1 


1 











1 


Read Operating Conditions 


23. 


73 





1 


1 


1 








1 


1 


Read Revision Code Number 


24. 


80 

























Write GX-Filter Coefficients 


25. 


81 




o 


o 




o 

\J 


o 


n 

VJ 


1 

1 


nt?etu i iiit;i uuti i ioit?i no 


26. 


82 


1 

















1 





Write GR-Filter Coefficients 


27. 


83 


1 

















1 


1 


Read GR-Filter Coefficients 


28. 


84 


1 














1 








Write Z-Filter Coefficients 


29. 


85 


1 














1 





1 


Read Z-Filter Coefficients 


30. 


Rfi 






n 




o 




1 

I 




vvriic D-riiier v^oenicienxs 


31. 


87 


1 














1 


1 


1 


Read B-Filter Coefficients 


32. 


88 


1 











1 











Write X-Filter Coefficients 


33. 


89 


1 











1 








1 


Read X-Filter Coefficients 


34. 


8A 


















1 





Write R-Filter Coefficients 


35. 


8B 


















1 


1 


Read R-Filter Coefficients 


36. 


8C 















1 








Write Echo Path Gain 


37. 


8D 















1 





1 


Read Echo Path Gain 


38. 


8E 















1 


1 





Write Error Level Threshold 


39. 


8F 















1 


1 


1 


Read Error Level Threshold 



*Code changes with function. 

"All codes not listed are reserved by AMD and should not be used. 
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THE COMMAND STRUCTURE 

This section describes in detail each of the MPI com- on the filter coefficients of the form Cxyirixy, please refer to 

mands. Each of the commands is shown along with the the Description of Coefficients section, 
format of any additional data bytes that follow. For details 



1 . Inactivate (Standby Mode) 



D 7 


Ds 


Ds 


D4 


D 3 


D 2 


D, 


Do 



























During the inactive mode (of one or both channels): 

a) All of the programmed information is retained. 

b) The Microprocessor Interface (MPI) remains active. 

c) The PCM outputs are in high impedance and the PCM inputs are disabled. 

d) The analog output is tied to zero volts through an internal resistor (~3 Kohm). 

2. Reset 



D 7 


Ds 


D 5 


D 4 


Da 


D 2 


Di 


Do 




















1 






The reset state of the device is: 

a) A-law is selected. 

b) B, X, R, and Z filters are disabled and AISN gain is zero. 

c) Digital (GX and GR) gain blocks are disabled resulting in unity gain, and analog (AX and AR) gains are 
set to unity. 

d) All SLIC I/O lines are configured as inputs. 

e) Normal conditions are selected (see Command #4). 

f) The B-filter Adaptive mode is reset. 

g) The channel is placed in the inactive (standby) mode. 

3. No Operation 



4. Reset to Normal Conditions 



Dr 


Ds 


D 6 


D 4 


Da 


D 2 


D, 


Do 

















1 


1 







D 7 


D 6 


Ds 


D 4 


Da 


D 2 


D, 


Do 














1 












Reset to Normal Conditions performs the following operations: 

a) Does not insert 6 dB loss in receive path. 

b) Receive & transmit paths are not cutoff. 

c) High pass filter is enabled. 

d) Test modes are turned off. 

5. Activate (Operational Mode) 



Dr 


Ds 


Ds 


D 4 


Da 


D 2 


D, 


Do 














1 


1 


1 






This command places the device in the active mode. No valid PCM data is transmitted until after the second 
FS pulse is received following the execution of the Activate command. 
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6. MCLK Selection 



D 7 


Ds 


Ds 


D4 


Da 


D 2 


Di 


Do 











1 








A 






MCLK may be selected to operate from a 2.048-MHz or 4.096-MHz external clock. MCLK selection on either 
channel affects both channels. 
A = 0: 2.048 MHz 
A = 1: 4.096 MHz 



7. Write Transmit Time Slot and PCM Highway Selection 





Dy 


Ds 


Ds 


D 4 


D 3 


D 2 


D, 


Do 


Command: 





1 




















Output data: 


PCM 


TS 


TS 


TS 


TS 


TS 


TS 


TS 



PCM = 0: Highway A TS: Time slot number to 127 

PCM = 1: Highway B 

The Transmit section of both channels must not be set to the same time slot on the same output port 
simultaneously. 

8. Read Transmit Time Slot and PCM Highway Selection 





Dy 


Ds 


Ds 


D 4 


D 3 


D 2 


Di 


Do 


Command: 





1 

















1 


Output data: 


PCM 


TS 


TS 


TS 


TS 


TS 


TS 


TS 



9. Write Receive Time Slot and PCM Highway Selection 





D 7 


Ds 


Ds 


D4 


Da 


D 2 


D, 


Do 


Command: 





1 














1 





Input data: 


PCM 


TS 


TS 


TS 


TS 


TS 


TS 


TS 



PCM = 0: Highway A TS: Time slot number to 127 

PCM = 1 : Highway B 

10. Read Receive Time Slot and PCM Highway Selection 





D 7 


D 6 


Ds 


D 4 


Da 


D 2 


D, 


Do 


Command: 





1 














1 


1 


Output data: 


PCM 


TS 


TS 


TS 


— 1§_ 


TS 


TS 


TS 



11. Write Transmit Clock Slot, Receive Clock Slot, and Transmit Clock Edge 





D 7 


D 6 


Ds 


D 4 


Da 


D 2 


D, 


Do 


Command: 





1 











1 








Input data: 




XE 


RCS 


RCS 


RCS 


TCS 


TCS 


TCS 



TCS: Transmit Clock Slot number to 7 
RCS: Receive Clock Slot number to 7 

XE = Transmit changes on negative edge of PCLK 
XE = 1 Transmit changes on positive edge of PCLK 

Note: XE = 1 should not be programmed unless the PCM delay is removed, (i.e., PCD = 1 ). XE must be written on Channel 1 , 
but affects both channels. If XE = 1 , the maximum PCM clock rate becomes 4.096 MHz. 
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12. Read Transmit Clock Slot, Receive Clock Slot, and Transmit Clock Edge 





D 7 


De 


Ds 


D 4 


D 3 


D 2 


D, 


Do 


Command: 





1 











1 





1 


Output data: 




XE 


RCS 


RCS 


RCS 


TCS 


TCS 


TCS 



13. Write AISN, PCM Delay, and Analog Gains 





D 7 


De 


Ds 


D 4 


D 3 


Da 


Di 


Do 


Command: 





1 





1 














Input data: 


PCD 


AX 


AR 


A 


B 


C 


D 


E 



PCM Delay: 
Transmit Analog Gain: 
Receive Analog Loss: 
AISN coefficient: 



PCD = Delay inserted (SLAC device compatible) 
PCD = 1 Delay removed (high speed) 

AX =0 0-dB gain 
AX = 1 6.02-dB gain 

AR =0 0-dBloss 
AR = 1 6.02-dB loss 

A, B, C, D, E 



The Analog Impedance Scaling Network (AISN) gain can be varied from -0.9375 to 0.9375 in multiples of 
0.0625. The gain coefficient is decoded using the following equation: 

h A isN = 0.0625 [(A-2 4 + B-2 3 + C-2 2 +D-2 1 + E-2°)-16] 

where Iiaisn is the gain of the AISN and A, B, C, D, and E = or 1 . A value of ABCDE = 1 0000 implements < 
special digital loopback mode, and a value of ABCDE = 00000 indicates a gain of (cutoff). 

14. Read AISN, PCM Delay, and Analog Gains 





D 7 


D 6 


Ds 


D 4 


D 3 


D 2 


D, 


Do 


Command: 





1 





1 











1 


Output data: 


PCD 


AX 


AR 


A 


B 


C 


D 


E 



15. Write SLIC Output Register 





D 7 


De 


D 5 


D 4 


D 3 


D 2 


D, 


Do 


Command: 









1 








1 





Input data: 


- 






C5 


C4 


C3 


C2 


C1 



C1 through C5 are set to 1 or 0. The data will appear latched on the C1 through C5 SLIC I/O pins, provided 
they were set in the output mode (see Command #17). The data sent to any of the pins set to the input 
mode will be latched, but will not appear at the pins. 

16. Read SLIC Pins 





D 7 


De 


Ds 


D 4 


Ds 


D 2 


D, 


Do 


Command: 





1 





1 








1 


1 


Output data: 








C5 


C4 


C3 


C2 


C1 



The logic state of pins C1 through C5 is read regardless of the direction programmed into the Input/Output 
register. 
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17. Write SLIC Input/Output Direction 





D 7 


Ds 


Ds 


D 4 


D 3 


D 2 


D, 


Do 


Command: 





1 





1 





1 








Input data: 








A 


B 


C 


D 


E 



Pins C1 through C5 are set to input or output modes individually. The input mode is set when the appropri- 
ate data bit is a 0, and the output mode is set when the data bit is a 1 . All unused SLIC I/O pins should be 
programmed as outputs to reduce power consumption. 

Data bit A sets pins C5i or C52. 
Data bit B sets pins C4i or C42. 
Data bit C sets pins C3i or C32. 
Data bit D sets pins C2i or C2 2 . 
Data bit E sets pins C1 1 or C1 2. 

18. Read SLIC Input/Output Direction, Channel Status Bit, and Power Interrupt Bit 





Dr 


D 6 


Ds 


D 4 


D 3 


D 2 


D, 


Do 


Command: 





1 





1 





1 





1 


Output data: 


PI 


CS 




A 


B 


C 


D 


E 



PI = There has not been a power interruption since the last software reset command. 

PI = 1 A power interruption has been previously detected requiring the DSLAC device to be completely 
reprogrammed. This bit is cleared by issuing a software reset command. 

CS = Channel is inactive (standby mode). 

CS = 1 Channel is active. 

19. Write Operating Functions 





D? 


D 6 


Ds 


D 4 


D 3 


D 2 


D, 


Do 


Command: 





1 


1 

















Input data: 


ABF 


A/a 


EGR 


EGX 


EX 


ER 


EZ 


EB 



Adaptive B-FiHer: 


ABF = 





B-filter non-adaptive mode 




ABF = 


1 


B-filter adaptive mode 


A-law/u-law: 


A/u = 





A-law coding 




A/u. = 


1 


H-law coding 


GR Filter: 


EGR = 





GR filter disabled 




EGR = 


1 


GR filter enabled 


GX Filter: 


EGX = 





GX filter disabled 




EGX = 


1 


GX filter enabled 


X Filter: 


EX = 





X filter disabled 




EX = 


1 


X filter enabled 


R Filter: 


ER = 





R filter disabled 




ER = 


1 


R filter enabled 


Z Filter: 


EZ = 





Z filter disabled 




EZ = 


1 


Z filter enabled 


B Filter: 


EB = 





B filter disabled 




EB = 


1 


B filter enabled 



Note: The enable adaptive B-filter command is only effective when used with the enable B-filter command. 
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20. Read Operating Functions 





07 


De 


Ds 


D 4 


Da 


D 3 


Di 


Do 


Command: 





1 


1 














1 


Output data: 


ABF 


A/U 


EGR 


EGX 


EX 


ER 


EZ 


EB 



21. Write Operating Conditions 



Cut off Transmit Path: CTP 
CTP 

Cut off Receive Path: CRP 
CRP 
HPF 
HPF 
RG 
RG 
ALB 
ALB 
TLB 
TLB 



High-Pass Filter: 
Receive Path Gain: 
Analog Loopback: 
TSA Loopback: 



Transmit path connected 

1 Transmit path cut off 

Receive path connected 

1 Receive path cut off 

High-pass filter enabled 

1 High-pass filter disabled 

6-dB loss not inserted 

1 6-dB loss inserted 

Analog loopback disabled 

1 Analog loopback enabled 

TSA loopback disabled 

1 TSA loopback enabled 



22. Read Operating Conditions 



23. Read Revision Code Number 





D 7 


Ds 


Ds 


D4 


D 3 


D 2 


D, 


Do 


Command: 





1 


1 


1 














Input data: 


CTP 


CRP 


HPF 


RG 


ALB 


TLB 









D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


D, 


Do 


Command: 





1 


1 


1 











1 


Output data: 


CTP 


CRP 


HPF 


RG 


ALB 


TLB 









D 7 


Ds 


D 5 


D 4 


D 3 


D 2 


Di 


Do 


Command: 





1 


1 


1 








1 


1 


Output data: 


# 


# 


# 


# 


# 


# 


# 


# 



This command returns an 8-bit number describing the revision number of the DSLAC device. It can be read on 
either channel. 

24. Write GX-Filter Coefficients 





D 7 


Ds 


Ds 


D 4 


D 3 


D 2 


D, 


Do 


Command: 


1 























Input data byte 1 : 




C40 


m40 






C30 


m30 




Input data byte 2: 




C20 


m20 






C10 


m10 





The coefficient for the GX filter is defined as: 
Hgx 



= 1 +(Cio • 2- m10 {1 + C20 ■ 2" m2 ° [1 + C30 ■ 2" m3 ° (1 + C40 • 



'")]})• 
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25. Read GX-Filter Coefficients 





D7 


De 


D 5 


D* 


D 3 


D 2 


Di 


Do 


Command: 


1 




















1 


Output data byte 1 : 




C40 


m40 






C30 


m30 




Output data byte 2: 




C20 


m20 






C10 


m10 




L/Oerncienis 




















D7 


De 


Ds 


D4 


D 3 


D 2 


D, 


Do 


Command: 


1 

















1 





Input data byte 1: 




C40 


m40 






C30 


m30 




Input data byte 2: 




C20 


m20 






C10 


m10 





The coefficient for the GR filter is defined as: 

Hgr = do ■ 2" m10 {1 + C20 • 2- m2 ° [1 + C30 ■ 2-^° (1 + C40 ■ 2-^°)] }. 

27. Read GR-Filter Coefficients 





D 7 


D 6 


Ds 


D 4 


D 3 


D 2 


D, 


Do 


Command: 


1 

















1 


1 


Output data byte 1 : 




C40 


m40 






C30 


m30 




Output data byte 2: 




C20 


m20 






C10 


m10 
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28. Write Z Filter Coefficients 





D 7 


De 


D 5 


D 4 


D 3 


D 2 


Di 


Do 


Command: 


1 














1 








Input data byte 1 : 


C45 


m45 


C35 


m35 


Input data byte 2: 


C25 


m25 


C15 


m15 


Input data byte 3: 


C40 


m40 


C30 


m30 


Input data byte 4: 


C20 


m20 


C10 


m10 


Input data byte 5: 


C41 


m41 


C31 


m31 


Input data byte 6: 


C21 


m21 


C11 


m11 


Input data byte 7: 


C42 


m42 


C32 


m32 


Input data byte 8: 


C22 


m22 


C12 


m12 


Input data byte 9: 


C43 


m43 


C33 


m33 


Input data byte 10 




C23 


m23 


C13 


m13 


Input data byte 1 1 




C44 


m44 


C34 


m34 


Input data byte 12 




C24 


m24 


C14 


m14 


Input data byte 13 




C46 


m46 


C36 


m36 


Input data byte 14 




C26 


m26 


C16 


m16 



The Z-transtorm equation for the Z filter is defined as: 
Hz(z) = Zo + ZiZ- 1 +Z 2 z- 2 +Z3Z- 3 +Z4Z- 4 + p— - 

1-Z6Z" 1 

The coefficients are defined as: 

Zi = Cii-2r m1l {1 +Ca-2-™ 2l [1 +C 3 i-2- m3i (1+C4i-2- m41 )]} 
fori =0,1 ,2,3,4,5,6. 

29. Read Z-Filter Coefficients 





D 7 


De 


Ds 


D 4 


D 3 


D 2 


D, 


Do 


Command: 


1 














1 





1 


Output data byte 1 : 


C45 


m45 


C35 


m35 


Output data byte 2: 


C25 


m25 


C15 


m15 


Output data byte 3: 


C40 


m40 


C30 


m30 


Output data byte 4: 


C20 


m20 


C10 


m10 


Output data byte 5: 


C41 


m41 


C31 


m31 


Output data byte 6: 


C21 


m21 


C11 


m11 


Output data byte 7: 


C42 


m42 


C32 


m32 


Output data byte 8: 


C22 


m22 


C12 


m12 


Output data byte 9: 


C43 


m43 


C33 


m33 


Output data byte 10 




C23 


m23 


C13 


m13 


Output data byte 1 1 




C44 


m44 


C34 


m34 


Output data byte 1 2 




C24 


m24 


C14 


m14 


Output data byte 13 




C46 


m46 


C36 


m36 


Output data byte 14 




C26 


m26 


C16 


m16 
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30. Write B-Filter Coefficients 





D7 


Ds 


D 5 


D 4 


D 3 


D 2 


Di 


Do 


Command: 


1 














1 


1 





Input data byte 1: 


C30 


m30 


C20 


m20 


Input data byte 2: 


C10 


m10 


C31 


m31 


Input data byte 3: 


C21 


m21 


C11 


m11 


Input data byte 4: 


C32 


m32 


C22 


m22 


Input data byte 5: 


C12 


m12 


C33 


m33 


Input data byte 6: 


C23 


m23 


C13 


m13 


Input data byte 7: 


C34 


m34 


C24 


m24 


Input data byte 8: 


C14 


m14 


C35 


m35 


Input data byte 9: 


C25 


m25 


C15 


m15 


Input data byte 1 




C36 


m36 


C26 


m26 


Input data byte 1 1 




C16 


m16 


C37 


m37 


Input data byte 12 




C27 


m27 


C17 


m17 


Input data byte 13 




C48 


m48 


C38 


m38 


Input data byte 14 




C28 


m28 


C18 


m18 



The z-transform equation for the B filter is defined as: 

R77- 7 

Hb(z) = Bo + B1 z- 1 + B 2 Z" 2 + B3Z- 3 + B4Z-" 1 + Bsz- 5 + BeZ" 6 + ; 

1-Bbz" 1 

Tfie coefficients for the FIR B section and the gain of the MR B section are defined as: 

Bi = Cn • 2- m11 [1 + C21 • 2- ma (1 + Ca • 2" m3i )]. 

The feedback coefficient of the MR B section is defined as: 

Bs= Cis • 2" m18 {1 + C28 • 2" m2e [1 + Css ■ 2" m38 (1 + C48 ■ 2" m48 ) ] }. 

Warning: Not all B-filter coefficients are "legal" to initiate adaptive balance. One legal coefficient is set 
as: 2A F2 AF 2A F2 AF 2A F2 AF 2A F2 AF OA 80, which corresponds to all FIR coefficients 
(Bo through B7) equal to zero, and the MR denominator coefficient (Be) equal to 1/2. Other 
legal coefficients that may reduce the time to convergence of the algorithm may be obtained by 
reading back the registers after adaptive balance has been run (see Command #31). 
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31. Read B-Filter Coefficients 





D 7 


Ds 


Ds 


D4 


Da 


D 2 


D, 


Do 


Command: 


1 














1 


1 


1 


Output data byte 1 : 


C30 


m30 


C20 


m20 


Output data byte 2: 


C10 


m10 


C31 


m31 


Output data byte 3: 


C21 


m21 


C11 


m11 


Output data byte 4: 


C32 


m32 


C22 


m22 


Output data byte 5: 


C12 


m12 


C33 


m33 


Output data byte 6: 


C23 


m23 


C13 


m13 


Output data byte 7: 


C34 


m34 


C24 


m24 


Output data byte 8: 


C14 


m14 


C35 


m35 


Output data byte 9: 


C25 


m25 


C15 


m15 


Output data byte 10 




C36 


m36 


C26 


m26 


Output data byte 1 1 




C16 


m16 


C37 


m37 


Output data byte 12 




C27 


m27 


C17 


m17 


Output data byte 13 




C48 


m48 


C38 


m38 


Output data byte 14 




C28 


m28 


C18 


m18 


Coefficients 




D7 


De 


Ds 


D4 


Da 


D 2 


Di 


Do 


Command: 


1 











1 











Input data byte 1 : 


C40 


m40 


C30 


m30 


Input data byte 2: 


C20 


m20 


C10 


m10 


Input data byte 3: 


C41 


m41 


C31 


m31 


Input data byte 4: 


C21 


m21 


C11 


m11 


Input data byte 5: 


C42 


m42 


C32 


m32 


Input data byte 6: 


C22 


m22 


C12 


m12 


Input data byte 7: 


C43 


m43 


C33 


m33 


Input data byte 8: 


C23 


m23 


C13 


m13 


Input data byte 9: 


C44 


m44 


C34 


m34 


Input data byte 1 0: 


C24 


m24 


C14 


m14 


Input data byte 1 1 : 


C45 


m45 


C35 


m35 


Input data byte 12: 


C25 


m25 


C15 


m15 



The z-transform equation for the X filter is defined as: 
Hx(z) = Xo + Xiz" 1 + X2Z- 2 + Xsz^ + X 4 z^ + Xbz" 5 . 

The coefficients for the X filter are defined as: 

Xi = C11 • 2-™"{1 + Ca ■ 2-™ 2i [1 + C 3 i • 2-^(1 + C41 • 2-"*)] }. 
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33. Read X-Filter Coefficients 



34. Write R-Filter 





D 7 


Ds 


D 5 


Do 


D 3 


D 2 


D, 


Do 


Command: 


1 











1 








1 


Output data byte 1 : 


C40 


m40 


C30 


m30 


Output data byte 2: 


C20 


m20 


C10 


m10 


Output data byte 3: 


C41 


m41 


C31 


m31 


Output data byte 4: 


C21 


m21 


C11 


m11 


Output data byte 5: 


C42 


m42 


C32 


m32 


Output data byte 6: 


C22 


m22 


C12 


m12 


Output data byte 7: 


C43 


m43 


C33 


m33 


Output data byte 8: 


C23 


m23 


C13 


m13 


Output data byte 9: 


C44 


m44 


C34 


m34 


Output data byte 10: 


C24 


m24 


C14 


m14 


Output data byte 1 1 : 


C45 


m45 


C35 


m35 


Output data byte 12: 


C25 


m25 


C15 


m15 


Coefficients 




Dy 


D 6 


D 5 


D 4 


D 3 


D 2 


D, 


Do 


Command: 


1 











1 





1 





Input data byte 1 




C40 


m40 


C30 


m30 


Input data byte 2 




C20 


m20 


C10 


m10 


Input data byte 3 




C41 


m41 


C31 


m31 


Input data byte 4 




C21 


m21 


C11 


m11 


Input data byte 5 




C42 


m42 


C32 


m32 


Input data byte 6 




C22 


m22 


C12 


m12 


Input data byte 7 




C43 


m43 


C33 


m33 


Input data byte 8 




C23 


m23 


C13 


m13 


Input data byte 9 




C44 


m44 


C34 


m34 


Input data byte 10: 


C24 


m24 


C14 


m14 


Input data byte 11: 


C45 


m45 


C35 


m35 


Input data byte 12: 


C25 


m25 


C15 


m15 



The z -transform equation for the R filter is defined as: 
Hr(z) = Ro + Riz" 1 + R 2 z- 2 + R 3 z- 3 + R 4 z^ + Rsz" 5 . 

The coefficients for the R filter are defined as: 

Ri = C11 ■ 2-" 1i {1 + C21 ■ 2- m2i [1 + Ca • 2- m3i (1 + C41 • 2-™") ] }. 
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35. Read R-Filter Coefficients 



36. Write Echo 





D 7 


D 6 


Ds 


D 4 


D 3 


D 2 


Di 


Do 


Command: 


1 











1 





1 


1 


Output data byte 1 : 




C40 


m40 






C30 


m30 




Output data byte 2: 




C20 


m20 






C10 


m10 




Output data byte 3: 




C41 


m41 






C31 


m31 




Output data byte 4: 




C21 


m21 






C11 


m11 




Output data byte 5: 




C42 


m42 






C32 


m32 




Output data byte 6: 




C22 


m22 






C12 


m12 




Output data byte 7: 




C43 


m43 






C33 


m33 




Output data byte 8: 




C23 


m23 






C13 


m13 




Output data byte 9: 




C44 


m44 






C34 


m34 




Output data byte 10: 




C24 


m24 






C14 


m14 




Output data byte 1 1 : 




C45 


m45 






C35 


m35 




Output data byte 12: 




C25 


m25 






C15 


m15 




th Gain 




D 7 


D 6 


D 5 


D 4 


Da 


D 2 


D, 


Do 


Command: 


1 











1 


1 








Input data byte 1: 




C80 


m80 






C70 


m70 




Input data byte 2: 




C60 


m60 






C50 


m50 




Input data byte 3: 




C40 


m40 






C30 


m30 




Input data byte 4: 




C20 


m20 






C10 


m10 





The equation for the Echo Path Gain is defined as: 

EPG = 8 C10 2- m10 (1 + Cso • 2- m50 {1 + Ceo ■ 2" n,60 [1 + C70 • 2- m70 (1 + Cso 2-"*°) ] }) , 
C20, M20, C30, M30, C40, and M40 must be zero. 

37. Read Echo Path Gain 





Di 


De 


Ds 


D 4 


Do 


D 2 


D, 


Do 


Command: 


1 











1 


1 





1 


Output data byte 1 : 




C80 


m80 






C70 


m70 




Output data byte 2: 




C60 


m60 






C50 


m50 




Output data byte 3: 




C40 


m40 






C30 


m30 




Output data byte 4: 




C20 


m20 






C10 


m10 
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38. Write Error Level Threshold 





D 7 


D s 


D 5 


D 4 


D 3 


D 2 


D, 


Do 


Command: 


1 











1 


1 


1 





Input data byte 1 : 




C20 


m20 






C10 


m10 





The equation for the Error Level Threshold is defined as: 

ELT = Cio-2- m, ° (1+C 2 o-2- m2 °). 

39. Read Error Level Threshold 





D 7 


D 6 


Ds 


D 4 


D 3 


D 2 


D, 


Do 


Command: 


1 











1 


1 


1 


1 


Output data byte 1 : 




C20 


m20 






C10 


m10 





Programmable Filters 

General Description of CSD Coefficients 

The filter functions are performed by a series of multipli- 
cations and accumulations. A multiplication is accom- 
plished by repeatedly shifting the multiplicand and 
summing the result with the previous value at that sum- 
mation node. The method used in the DSLAC device is 
known as Canonic Signed Digit (CSD) multiplication and 
splits each coefficient into a series of CSD coefficients. 

Each programmable FIR filter section has the following 
general transfer function: 

HF(z) = ho + hiz" 1 + h 2 z" 2 + . . . + hnZ" n Eq. (1) 

where the number of taps in the filter = n + 1 . 

The transfer function for the MR part of the Z and Bfilters 

is: 

J 

Eq.(2) 



Hl(z) 



1 -h(n+1)Z- 1 

The values of the user-defined coefficients (hi) are as- 
signed via the MPI. Each of the coefficients (hi) is defined 
in the following general equation: 

hi = Bi2" M i + B 2 2- M 2+ . . . + Bn2" m n, Eq. (3) 

where: 

the number of shifts = Mi < Mi + 1 

sign = Bi = ±1 

N = Number of CSD coefficients. 

The value of hi in Eq. (3) represents a decimal number 
which is broken down into a sum of successive values of : 

±1 .0 multiplied by 2r°, or 2" 1 , or 2r 2 . . . 2r 7 . . . 

or 

+1 .0 multiplied by 1 , or 1/2, or 1/4 ... 1/1 28. .. . 

The limit on the negative powers of 2 is determined by 
the length of the registers in the ALU. 

The coefficient hi in Eq. (3) can be considered to be a 
value made up of N binary 1s in a binary register where 



the leftmost part represents whole numbers, the right- 
most part represents decimal fractions, and a decimal 
point separates them. The first binary 1 is shifted Mi bits 
to the right of the decimal point, the second binary 1 is 
shifted M2 bits to the right of the decimal point, the third 
binary 1 is shifted M3 bits to the right of the decimal point, 
and so on. 

Note that when Mi is 0, the resulting value is a binary 1 in 
front of the decimal point, that is, no shift. If M2 is also 0, 
the result is another binary 1 in front of the decimal point, 
giving a total value of binary 10 in front of the decimal 
point (i.e., a decimal value of 2.0). The value of N, there- 
fore, determines the range of valuesthe coefficient h can 
take (e.g., if N = 3 the maximum and minimum values are 
±3, and if N = 4 the values are between ±4). 

Detailed Description of DSLAC Device 
Coefficients 

The CSD coding scheme in the DSLAC device uses a 
value called mi, where mi represents the distance shifted 
right of the decimal point for the first binary 1 . m 2 repre- 
sents the distance shifted to the right of the previous 
binary 1, and m3 represents the number of shifts to 
the right of the second binary 1 . Note that the range of 
values determined by N is unchanged. Eq. (3) is now 
modified (in the case of N =4) to: 

hi = Bi2" M1 + B 2 2~ M2 + B 3 2- M3 + B 4 2- M4 Eq. (4) 

hi = Ci2 m1 +CiC22-< m1+m2 > +CiC 2 C 3 2-< m1+m2 + m3 > 

+ ClC 2 C3C42"< m1 +m 2 + m3 + m4) Eq (5) 

hi = Ci2- m1 {1 + C22-< n2 ■ [1 + Cs^ 3 
(1+C42- m4 )]} 



Eq. (6) 



where: 

Mi = mi and Bi = Ci 

M 2 = mi + m 2 B 2 = C1 ■ C 2 

M3 = mi + m 2 + m3 B3 = C1 • C2 • C3 

M4 = mi + rri2 + rro + rrw B4 = C1 C 2 • C3 



C 4 
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In the DSLAC device, a coefficient hi consists of N CSD 
coefficients, each being made up of 4 bits and formatted 
as Cxymxy, where Cxy is one bit (MSB) and mxy is 3 bits. 
Each CSD coefficient is broken down as follows. 

Cxy is the sign bit (0 = positive, 1 = negative). 
m«y is the 3-bit shift code. It is encoded as a 
binary number as follows: 



000 


shifts 


001 


1 shifts 


010 


2 shifts 


011 


3 shifts 


100 


4 shifts 


101 


5 shifts 


110 


6 shifts 


111 


7 shifts 


is the coefficient number (the i in hi). 



x is the position of this CSD coefficient within 
the hi coefficient. It represents the relative 
position of the binary 1 represented by this 
CSD coefficient within the hi coefficient. The 
most significant binary 1 is represented by 
x = 1 . The next most significant binary 1 is 
represented by x = 2, and so on. 

Thus, Ci3mi3 represents the sign and the relative shift 
position for the first (most significant) binary 1 in the 4th 
(fi3) coefficient. 

The number of CSD coefficients, N, is limited to 4 in the 
GR, GX, R, X, Z, and the IIR part of the B filter, and 3 for 
the Fl R part of the B fitter. Note also that the GX filter co- 
efficient equation is slightly different from that of the other 
filters. 

hiQX=1+hi Eq. (7) 

Please refer to the section detailing the commands for 
complete details on the programming of the coefficients. 



Adaptive B-Filter Overview 

The DSLAC device B filter is designed to work with pre- 
programmed coefficients or with coefficients determined 
by an adaptive algorithm. (Note that the adaptive 
trans-hybrid balance feature is only guaranteed on 
the A version of the Am79C02/3). The adaptive algo- 
rithm can be operated in a mode where it continuously 
adapts or where it adapts for a short period and then 
holds its value. 

Operation with pre-programmed coefficients requires 
only the use of MPI Command #30 to feed in the coeffi- 
cients. The adaptive mode uses some pre-programmed 
coefficients and generates new ones using an algorithm 
By a series of iterations, the algorithm minimizes the re- 
ceive signal that is echoed in the transmit signal (due to 
mismatches in the SLIC, hybrid, and line). Adaptation 
only applies to the FIR part of the fitter. Pre-programmed 
coefficients used to initiate the adaptive algorithm must 
be "legal" (shown under Command #30 on page 2-88). 
Other legal coefficients may be obtained by using this co- 
efficient, running adaptive balance, and then reading 
back the registers (refer to #30 in command structure). 

In the continuous adaptation mode, the algorithm is 
switched on (via MPI Command #1 9) after a call is con- 
nected and remains on until the call ends. In this way, 
the B filter is continually being optimized to the received 
signal. 

In the adapt and freeze mode, the algorithm is used only 
when a line is brought into service and the DSLAC device 
is activated. The algorithm is switched on and is allowed 
to converge with the received signal, which is a band- 
limited white noise signal generated in the exchange for 
this purpose. The noise signal need only be injected for 
less than a second to yield converged coefficients. The 
adaptive mode is then switched off (via Command #1 9). 

The converged coefficients may be read out of the 
DSLAC device (using MPI Command #31) and stored for 
future reference. The DSLAC device is now optimized for 
general input signals. 
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Adaptive Filter Programming 

The purpose of the B filter is to cancel the received signal 
that leaks across the hybrid into the transmit path. The 
B-filter transfer function must match (as closely as possi- 
ble) the transfer function of the echo path. 

There are two programmable registers associated with 
the adaptive B filtering. The Echo Path Gain (EPG) is a 
programmable value that predicts the amount of the re- 
ceive signal leaking across the hybrid to the transmit 
path. The EPG is used as part of an algorithm which 
stops the adaptive filter from iterating in the presence of 
signals from the subscriber line (near-end talker). 

The Error Level Threshold (ELT) is a programmable 
value that determines the trans-hybrid loss the adap- 
tive filter will attempt to meet. The adaptive algorithm 
will continue to iterate until it meets the loss require- 
ment specified by the ELT. Both the EPG and ELT 
values are generated by the AmSLAC2 software pro- 
gram. Please refer to the AmSLAC2 Technical Manual. 

User Test Modes 

The DSLAC device supports testing by providing both 
digital and analog loopback paths as shown in Figure 6. 
In the TSA Loopback Mode, the DR input is connected to 
the DX output in the Time Slot Assigner circuitry. The 
TSA Loopback Mode is programmed via Command #21 . 

A different type of digital loopback is provided when the 
AISN register is programmed with a value of 10000. In 
this case, the AISN circuitry is disabled and the Vout 
pad is connected internally to Vin. This allows the D/A 
and A/D converters to be included in the digital loop- 
back test. This mode is programmed via Command #13. 
Note that the signal connected internally from Vout to Vin 
is also present on the Vout pin. 



The Vin input can be connected to the Vout output 
through the Z filter for analog loopback. The response of 
the line to low frequencies can be tested by disabling the 
high-pass filter. Additionally, the receive and transmit 
paths may be cut off. 

APPLICATIONS 

The DSLAC device performs a programmable codec/fil- 
ter function for two telephone lines. It interfaces to the 
telephone lines through either a transformer or an elec- 
tronic SLIC such as the Am795XX series devices. The 
DSLAC device provides latched digital I/O to control and 
monitor two SLICs and has a 256-kHz clock output to op- 
erate the switched mode regulator in an Am795XX. 
When several line conditions must be matched, the 
physical SLIC can be constant, and its characteristics 
(such as apparent impedance, attenuation, and hybrid 
balance) can be altered by programming each DSLAC 
channel's coefficients to suit the line. For a transformer- 
based SLIC, the DSLAC device can drive the trans- 
former without a buffer. 

Connection to a dual PCM highway backplane is imple- 
mented by means of a simple buffer chip. Several 
DSLAC devices can be bussed together into one bus in- 
terface buffer. An intelligent bus interface chip is not re- 
quired because each DSLAC device provides its own 
buffer control. The DSLAC device can be controlled 
through the Microprocessor Interface, either by a micro- 
processor on the linecard or by a central processor. 

Figures 7 and 8 illustrate typical Am79C02 DSLAC 
device applications. Figure 7 shows the basic system 
architecture. Figure 8 illustrates the significant details 
of the interface to an Am795XX-based SLIC and to a 
transformer-based SLIC. 




in»al V 



Digital 
Loopback 
Mode 
(#13) 



Analog 1 1 
Loopback -V- — i 
Mode « N ! 
(#21) 



Vout 



<[dac — Interpolator - ^ 



Transmit 




Transmit 




Signal Processing 




TSA 






Selector 



■ DXA 
• DXB 



TSA 
•V- Loopback 
Mode 
(#21) 



Receive 
Signal Processing 





Receive 




TSA 



Selector 



■DRA 
•DRB 
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Figure 6. Test Mode Operation 
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Figure 7. Basic System Architecture 
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Vm 
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Figure 8. Typical SLIC Connections 
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Controlling the SLIC 
SLIC Chopper Clock 

The CHCLK output pin on the DSLAC device drives the 
CHCLK inputs for Am795XX series SLICs. The CHCLK 
output is a 256-kHz TTL-compatible signal that can drive 
two SLICs. It is only active when one or both channels 
are activated; otherwise it is held High internally. 

SLIC Input/Output 

The DSLAC device has five TTL-compatible I/O pins (C1 
to C5) for each channel. On the 40-pin and 32-pin 
DSLAC devices, only C1 through C4 are available. On 
the 44-pin version, C5 (one for each channel) is also 
available and can be used for anotherf unction (for exam- 
ple, to control metering signal injection). The outputs are 
programmed using Command #15 and the status is read 
back using Command #16. The direction of the pins 
(input or output) is specified by programming the SLIC 
I/O direction register (Command #1 7). 



Calculating Filter Coefficients with 
AmSLAC2 Software 

AmSLAC2 software is a program which models the 
DSLAC device, the line conditions, the SLIC, and the 
other linecard components to obtain optimal coefficients 
for the programmable filters of the DSLAC device and 
some of the resulting transmission performance plots. 

The following parameters relating to the desired line con- 
ditions and the components/circuits used in the linecard 
design are to be provided as input to the program: 

1 . Line Impedance. The line impedance or the bal- 
ance impedance of the line which is usually specified 
by the local PTT. 

2. Desired Impedance. This is the desired terminating 
impedance at the exchange. This impedance is also 
specified by the local PTT. 

3. SLIC Impedance. This is the actual terminating 
impedance at the exchange. 
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4. GR-Filter Attenuation. This is the desired attenu- 
ation for the GR filter. 

5. GX-Filter Gain. This is the desired gain of the GX 
filter. 

6. Receive Buffer Transfer Function. It is quite com- 
mon to use an amplifier and/or filter between the 
SLIC and the SLAC device in the design of the 
linecard. The transfer function of this amplifier/filter 
is called the Receive Buffer Transfer Function. 

7. Transmit Buffer Transfer Function. Same as 
the Receive Buffer Transfer Function but for the 
Transmit path. 

8. Fuse Resistance and Coupling. This is the value of 
the Fuse Resistance and the Coupling capacitor 
used in the linecard. 

9. Two-Wire Return Loss Template. The Two-Wire 
Return Loss Template is usually specified by the lo- 
cal PTT. 

10. Four-Wire Return Loss Template. The Four- Wire 
Return Loss Template is usually specified by the 
local PTT. 

The output from the AmSLAC2 program includes the co- 
efficients of the GR, GX, Z, R, X, B, and EPG filters as 
well as predicted transmission performance plots of (1) 
two-wire return loss, (2) receive and transmit path fre- 
quency response, and (3) four-wire return loss. 

The software supports the use of the AMD Am795XX se- 
ries SLICs or a transformer SLIC, or allows entry of the 
transfer functions describing the behavior of any type of 
SLIC (hybrid). 



Systems for Customer Evaluation 

The DSLAC Low Noise Evaluation Board is designed to 
demonstrate the high performance capabilities of the 
DSLAC device. The board is used to evaluate the 
DSLAC device available in a 40-pin DIP package. 

The SLAC/DSLAC Computer Interface Board provides 
a user-friendly, computer-driven interface to control up to 
two DSLAC Low Noise Evaluation Boards or SLAC Low 
Noise Boards. The Computer Interface Board allows an 
IBM-compatible PC to control a SLAC device, DSLAC 
device, and a SLIC via its serial port. The board is de- 
signed to operate with the DSLAC. IF software program 
which runs on the PC. A block dia-gram of a typical lab 
setup is shown in Figure 9. 

The Computer Interface Board can also interface to a 
Hewlett-Packard 3779 series PMA or a Wandel and 
Goltermann (W&G) PCM-4. These PCM Channel Mea- 
surement Sets are used to measure the quality of signal 
transmission through the DSLAC device. 

An RS-232C serial port on the SLAC/DSLAC Computer 
Interface Board is designed to plug directly into a serial 
port on the back of a PC. The DSLACIF software 
program which controls the Computer Interface Board 
will operate on an IBM PC or compatible computer con- 
taining at least one serial port and having at least 512 Kb 
of memory. The program is capable of running from a 
floppy disk (360 Kb) or from a hard disk. The DSLACIF 
software program is completely menu driven and fea- 
tures extensive on-line help. 
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Figure 9. Evaluation System Block Diagram 
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OPERATING RANGES 

Analog Supply Vccai,Vcca2(Vcca) +5.0 V ±5% 

Digital Supply Vccdi, Vccd2, Vccp(Vocd) .. +5.0 V ±5% 

Analog Supply Veei, Vee2 -5.0 V ±5% 

DGNDi, DGND2, PGND (DGND) V 

AGND1, AGND2 (AGND) ±50 mV 

Ambient Temperature 0°C<Ta< + 70°C 

Ambient Relative Humidity 15% to 85% 

Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 



ABSOLUTE MAXIMUM RATINGS 

Storage Temperature -60°C<T A <+125°C 

Ambient Operating Temperature . -40°C < Ta < +85°C 
Ambient relative humidity 

(noncondensing) 5% to 1 00% 

Vcca with respect to AGND -0.4 V to +7.0 V 

Vccd with respect to DGND -0.4 V to +7.0 V 

Vocp with respect to PGND -0.4 V to +7.0 V 

Vee with respect to AGND +0.4 V to -7.0 V 

Vin with respect to Vcca 

(Vee =-5 V) +0.4 V to -1 0.0 V 

Vin with respect to Vee 

(Vcca = +5V) -0.4 V to +10.0 V 

Total combined C1-C5 current per channel 

Source from Vcc 32 mA 

Sink into DGND 24 mA 

Latch-up immunity (any pin) ±30 mA 

Any other pin with respect to DGND1 . . -0.4 V to Vcc 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over COMMERCIAL operating range unless otherwise noted 

Typical values are for Ta = 25°C and nominal supply voltages. Minimum and maximum specifications are over the 
temperature and supply voltage ranges shown in Operating Ranges. 







Preliminary 




Symbol 


Parameter Descriptions 


Min 


Typ 


Max 


Unit 


V, L 


Input Low Voltage 


-0.5 




0.8 


V 


VlH 


Input High Voltage 


2.0 




Vcc 


V 


In. 


Input Leakage Current 






±10 


uA 


Vol 


Output Low Voltage 

C1-C5 (Iol=6 mA) (Note 2) 
C1-C5 (loi = 15 mA) (Note 2) 
TSCA, TSCB (loL=14mA) 
Other Digital Outputs (Iol=2 mA) 






0.4 
1.0 
0.4 
0.4 


V 
V 
V 
V 


Voh 


Output High Voltage 

C1-C5 (Ioh = 4 mA) (Note 2) 
C1-C5 (U = 10 mA) (Note 2) 
Other Digital Outputs (U = 400 uA) 


Vcc-0.4 
Vcc -1.0 
2.4 






V 
V 
V 


ICL 


Output Leakage Current (H = Z State) 






±10 


uA 


V« 


Analog Input Voltage Range (AX=0 dB) 

(AX =6.02 dB) 






±3.12 
±1.56 


V 
V 


Vim 


Offset Voltage Allowed on V N 






±160 


mV 


in ryo 


Input Leakage Current on V, N 






±10 


uA 


ZoUT 


Vout Output Impedance 




1 


10 


ohms 


lour 


Vout Output Current (f < 3400 Hz) (Note 1) 






+6.3 


mA 
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DC CHARACTERISTICS over COMMERCIAL operating range (continued) 







Preliminary 




oymDol 


rarameier Descriptions 


Min 


Typ 


Max 


1 Init 

unit 


V R 


Vout Voltage Range (AR = dB) 

(AX=6.02dB) 






±3.12 
±1.56 


V 
V 


Voos 


Vout Offset Voltage (AISN off) 






±40 


mV 


VoOSA 


Vout Offset Voltage (AISN on) (Note 3) 






±80 


mV 


LINa,sn 


Linearity of AISN Circuitry (Input = dBmO) 






±1/4 


LSB 


PD 


Power Dissipation Both Channels Active 
(MCLK, PCLK=2.048 MHz) 1 Channel Active 

Both Channels Inactive (Note 4) 




180 
120 
10 


240 
160 
19 


mW 
mW 
mW 


PD 


Power Dissipation Both Channels Active 
(MCLK, PCLK> 2.048 MHz) 1 Channel Active 

Both Channels Inactive (Note 4) 




190 
I ou 
10 


270 
19 


mW 
mW 
mW 


Ice 


Total +5-V Current Both Channels Active 

I ^sllctrliim /AOUVt; 

Both Channels Inactive (Note 4) 




24.0 
18.0 
2.5 




mA 
mA 


Iee 


Total -5-V Current Both Channels Active 
1 Channel Active 
Both Channels Inactive (Note 4) 




10.0 
5.0 
0.05 




mA 
mA 
mA 


c, 


Input Capacitance (Digital) 




15 




PF 


Co 


Output Capacitance (Digital) 




15 




PF 


PSRR 


Power Supply Rejection Ratio (1.02 kHz, 100 mV H Ms, 
either supply or path, GX=GR = 0dB) 


40 






dB 



Notes: 1 . When the DSLAC device is in the inactive mode, the analog output will present a 0-V output level through an -3K resistor. 

2. The C1-C5 outputs are resistive for less than a 1-V drop. Total current must not exceed absolute maximum ratings. 

3. If there is an external DC path from Vout to Vin with a gain of Gdc and the AISN has a gain of Iiaisn, then the output offset will be 
multiplied by 1 /[1 -(h A isN ■ Goc) ]. 

4. Power Dissipation in the inactive mode is measured with all digital inputs at V»= Vcc and V»=Vss and with no load connected to 
Vouti or Vout2. 
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Transmission Characteristics 

When the gain in the receive path is set at dB, a 
1014-Hz PCM sine-wave input with level dBmO will 
correspond to a nominal RMS voltage of 1 .55 V for u-law 
and 1 .56 V for A-law at the analog output. When the 
gain in the transmit path is set at dB, a 1014-Hz sine- 
wave signal with a nominal RMS voltage of 1.55 V 
for u.-law and 1 .56 V for A-law will correspond to a level 
of dBmO at the digital output. 

When relative levels (dBmO) are used in any of the fol- 
lowing transmission specifications, the specification 
holds for any setting of the AX + GX gain from to 1 2 dB 
and the AR + GR loss from to 12 dB. Performance 
specification for settings of the AX + GX gain from 1 2 to 
1 8 dB and the AR + GR loss from 1 2 to 1 8 dB will be de- 
termined as the device is characterized. 

These performance specifications are valid for the com- 
mercial temperature range device only. See the DSLAC 
Extended Temperature Supplement for information on 
performance over the industrial temperature range 
(-40°Cto +85°C). 

Gain Stability 

For a dBm0 1 01 4-Hz sine-wave signal, the gains in the 
transmit and receive paths (withB = 0,Z=0&X = R = 1) 
will not deviate from their ideal value by more than 
±0.2 dB at 25°C. 

Over the full temperature range (specified in the Operat- 
ing Ranges), the gains in the transmit and receive paths 



will not deviate from their ideal values by more than 
±0.25 dB. 

The variation of the digital to digital loop gain (when the 
analog input and output ports are connected together) 
or the analog to analog loop gain (when the digital input 
and output ports are connected together) will be within 
±0.2 dB at 25°C. 

Over the full temperature range (specified in the Operat- 
ing Ranges), the variation of the digital to digital or the 
analog to analog loop gain will be within ±0.25 dB. 

The above specifications apply with reference to tem- 
perature and supply voltage variations within the specifi- 
cations of the Operating Ranges. 

Attenuation Distortion 

The attenuation of the signal in either path is nominally 
independent of the frequency. The deviations from 
nominal attenuation will stay within the limits shown. The 
reference frequency is 1014 Hz and the signal level is 
dBmO. The deviation is less than ±0.125 dB for 
300 Hz<f< 3000 Hz. 

Group Delay Distortion 

For either transmission path, the group delay distortion is 
within the limits shown in Figure 1 1 . The minimum value 
of the group delay is taken as the reference. The signal 
level should be dBmO. 
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Attenuation (dB) 



0.125 


-0.125 
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Transmit curve 1 .35 dB 
Receive curve 1 dB 
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(transmit only) 
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Figure 10. Attenuation Distortion (Single Ended) 
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Group Delay 

The Group Delay specification is defined as the sum of 
the minimum values of the group delays for the transmit 
and the receive paths when the transmit and receive time 
slots are identical and the B, X, R, and Z filters are dis- 



abled. For PCLK frequencies greaterthan 1 .53 MHz, the 
group delay is less than 630 us. For PCLK frequencies 
less than 1 .03 MHz, the group delay is less than 695 us. 
(At PCLK frequencies between these two values, the 
group delay may vary from one cycle to the next.) 



420 



Delay (uS) 



150 



90 



DSLAC Device Specification 
(Either Path) 
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Figure 11. Group Delay Distortion 
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Discrimination Against Out-of-Band 
Input Signals 

When an out-of-band sine-wave signal with frequency 
f and level A is applied to the analog input, there may be 
frequency components below 4 kHz at the digital output, 



Discrimination Against 12- and 16-kHz 
Metering Signals 

If the DSLAC device is used in a metering application 
where 12- or 16-kHz tone bursts are injected onto the 
telephone line toward the subscriber, a portion of those 
tones may also appear at the Vin input terminal. These 
out-of-band signals may cause frequency components 
to appear below 4 kHz at the digital output. For a 1 2-kHz 
tone, the frequency components below 4 kHz will be 



caused by the out-of-band signal. These components 
are at least the specified dB level below the level of a 
signal at the same output originating from a 1014-Hz 
sine-wave signal with a level of A dBmO also applied to 
the analog input. The minimum specifications are: 



A 



•e12 



reduced from the input by at least 48 dB, and for 1 6-kHz 
tones, the components are reduced by more than 70 dB. 

To avoid degradation of in-band transmission perform- 
ance, the input levels of these out-of-band tones must 
be limited. The maximum allowable level at 12 kHz is 
100 mV rms, and is 500 mV rms at 16 kHz. An external 
notch filter at the Vin input to the DSLAC device, incorpo- 
rated along with the metering injection design, is effec- 
tive in reducing these tone levels. 



Frequency of Out-of-Band Signal 



Amplitude of Out-of-Band Signal 



Level bel 



16.6 Hz <f<45 Hz 
45 Hz <f<65Hz 
65 Hz <f<100Hz 
3400 Hz<f<4600 Hz 
4600 Hz<f<100 kHz 



-25 dBm0<A< OdBmO 
-25 dBm0<A< OdBmO 
-25 dBm0<A< OdBmO 
-25 dBm0<A< OdBmO 
-25 dBm0<A< OdBmO 



18dB 
25 dB 
10dB 
see Figur 
32 dB 



The attenuation of the waveform below amplitude A between 3400 Hz and 4600 Hz is given by the formula: 

n(4000-f) 



Attenuation (dB) = 14-1 4 sin ■ 



1200 



Level (dB) 
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-32 dB, -25 dBmO < input < dBmO 
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4.0 4.6 
Frequency (kHz) 



0987 



Figure 12. Discrimination Against Out-of-Band Signals 
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Spurious Out-of-Band Signals 
at the Analog Output 

With PCM code words representing a sine-wave signal 
in the range of 300 Hz to 3400 Hz at a level of dBmO 
applied to the digital input, the level of the spurious out- 
of-band signals at the analog output is less than the limits 
shown below. 



Frequency 


Level 


4.6 kHz to 40 kHz 


-32 dBmO 


40 kHz to 240 kHz 


-46 dBmO 


240 kHz to 1 MHz 


-36 dBmO 



With code words representing any sine-wave signal in 
the range 3.4 kHz to 4.0 kHz at a level of dBmO applied 
to the digital input, the level of the signals at the analog 
output are below the limits in Figure 13. The amplitude of 
the Spurious Out-of-Band signals between 3400 Hz and 
4600 Hz is given by the formula: 



A=-14-14sin 



ft (f-4000) 
1200 



dBmO 



Single Frequency Distortion 

The output signal level, at any single frequency in the 
range of 300 Hz to 3400 Hz, other than that due to an 
applied 0-dBm0 sine-wave signal with frequency f in the 
same frequency range, is less than -46 dBmO. With 
f swept between to 300 Hz and 3400 to 12 kHz, any 
generated output signals other than f are less than -28 
dBmO. This specification is valid for either transmission 
path. 



Intermodulation Distortion 

Two sine-wave signals of different frequencies fi and 
(not harmonically related) in the range 300 Hz to 3400 Hz 
and of equal levels in the range -A dBmO to -21 dBmO 
do not produce any 2 • fi — fc products having a level 
greater than -42 dB relative to the level of the two input 
signals. 

A sine-wave signal in the frequency band 300 Hz to 
3400 Hz with input level -9 dBmO and a 50-Hz signal with 
input level -23 dBmO, will not give any intermodulation 
products exceeding a level of -56 dBmO. These specifi- 
cations are valid for either transmission path. 

Idle Channel Noise 

When the signal at the analog input is zero and the digital 
output (DXA or DXB) is connected to the digital input 
(DRA or DRB), the maximum levels of the noise mea- 
sured at the analog output are: 

Weighted noise: -68 dBmOp 

Unweighted noise (300-3400 Hz): -55 dBmO 

When the signal at the analog input is zero, the maximum 
level of the noise measured at the digital output does 
not exceed -68 dBmOp (A-law) or 19 dBrncO (u-law). 
When PCM code words representing digital zero are 
applied to the digital input, the maximum level of the 
noise measured at the analog output does not exceed 
-78 dBmOp (A-law) or 12 dBrncO (u-law). No single 
frequency component in the range above 3800 Hz may 
exceed a level of -55 dBmO. 



Level (dBmO) 



- 
-10 
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Figure 13. Spurious Out-of-Band Signals 
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Crosstalk 

Transmit to Receive crosstalk within a channel. The 

crosstalk level at the analog output due to a dBmO 
sine-wave signal in the frequency range 300 Hz to 3400 
Hz, applied to the analog input, is less than -75 dBmO. 

Receive to Transmit crosstalk within a channel. The 

crosstalk level at the digital output due to a dBmO 
sine-wave signal in the frequency range 300 Hz to 3400 
Hz, applied to the digital input, is less than -75 dBmO. 

Transmit to Transmit crosstalk between channels. 

With a 0-dBm0 sine-wave signal in the frequency range 
300 Hz to 3400 Hz applied to the analog input of 
one channel, the level at the digital output of the other 
channel does not exceed -76 dBmO. 

Transmit to Receive crosstalk between channels. 

The crosstalk level at the analog output of one channel 
due to a dBmO sine-wave signal in the frequency range 
300 Hz to 3400 Hz, applied to the analog input of the 
other channel, will be less than -78 dBmO. 

Receive to Transmit crosstalk between channels. 

The crosstalk level at the digital output of one channel 
due to a dBmO sine-wave signal in the frequency range 
300 Hz to 3400 Hz, applied to the digital input of the other 
channel, will be less than -76 dBmO. 



Receive to Receive crosstalk between channels. The 

crosstalk level at the analog output of one channel due 
to a dBmO sine-wave signal in the frequency range 
300 Hz to 3400 Hz, applied to the digital input of the other 
channel, will be less than -78 dBmO. 

Variation of Gain with Input Level 

The gain deviation relative to the gain at -1 dBmO is 
within the limits shown in Figure 14 for either transmis- 
sion path when the input signal is a noise signal (for 
example, CCITT Rec. 0.131). 

The gain deviation relative to the gain at -10 dBmO 
is within the limits shown in Figure 15 for either trans- 
mission path when the input is a sine-wave signal of 
frequency 1014 Hz. 

Total Distortion, Including Quantizing 
Distortion 

The signal-to-total distortion ratio will exceed the limits 
shown in Figure 16 for the receive path when the input 
signal is a noise signal (for example, CCITT Rec. 0. 1 31 ). 
The transmit path specification is 1 dB less than that 
shown for the receive path. 

The signal-to-total distortion will exceed the limits shown 
in Figure 1 7 for either transmission path when the input 
is a sine-wave signal of frequency 1014 Hz. 



Gain (dB) 
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0.25 
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Figure 14. Gain Tracking with Noise Input 
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Figure 15. Gain Tracking with Tone Input 
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Signal-to-Total 



-55 -40 -34 -27 -6 -3 

Input Level (dBmO) 
Figure 16. Total Distortion with Noise Input (Receive Path) 
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Figure 17. Total Distortion with Tone Input (Both Paths) 
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Overload Compression 

Figure 1 8 shows the acceptable region of operation for input signal levels above the reference input power (0 dBmO). 
The conditions for this figure are: (1 ) 1 dB < GX < 1 2 dB; (2) -1 2 dB < GR < -1 dB; (3) PCM output connected to PCM 
input; and (4) measurement analog-to-analog. 




Figure 18. A/A Overload Compression 
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SWITCHING CHARACTERISTICS over operating range (unless otherwise noted) 
Microprocessor Interface 

Min and Max values are valid for all d igital o utpu ts with a 150-pF load, except C1 to C5 with a 30 pF load. Pull-up 
resistors of 360 ohms are attached to TSCA and TSCB. 









Preliminary 




No. 


Symbol 


Parameter 


Min 


Typ 


Max 


Units 


1 


tDCY 


Data Clock Period 


244 






ns 


2 


tDCH 


Data Clock High Pulse Width (Note 1) 


97 






ns 


3 


tDCL 


Data Clock Low Pulse Width (Note 1) 


97 






ns 


4 


tDCR 


Rise Time of Clock 






25 


ns 


5 


tDCF 


Fall Time of Clock 






25 


ns 


6 


ticss 


Chip Select Setup Time, Input Mode 


70 




tocv -1 


ns 


7 


tlCSH 


Chip Select Hold Time, Input Mode 







t D CH -20 


ns 


8 


tlCSL 


Chip Select Pulse Width, Input Mode 




8tDCY 




ns 


9 


ticso 


Chip Select Utt 1 ime, Input Mode (Note 7) 




5 




U.S 


10 


tlDS 


Input Data Setup Time 


30 






ns 


1 1 


tlDH 


Input Data Hold Time 


30 






ns 


12 


toLH 


SLIC Output Latch Valid 


20 




1000 


ns 


13 


tocss 


Chip Select Setup Time, Output Mode 


70 




tocY -1 


ns 


14 


toCSH 


Chip Select Hold Time, Output Mode 







tDCH-20 


ns 


15 


toCSL 


Chip Select Pulse Width, Output Mode 




8tDCY 




ns 


16 


tocso 


Chip Select Off Time, Output Mode (Note 7) 




5 




us 


17 


toDD 


Output Data Turn On Delay (Note 5) 






50 


ns 


18 


toDH 


Output Data Hold Time 









ns 


19 


toDOF 


Output Data Turn Off Delay 






50 


ns 


20 


toDC 


Output Data Valid 







50 


ns 



PCM Interface 
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No. 


Symbol 


Parameter 


Min 


Typ 


Max 


Units 


21 


tpCY 


PCM Clock Period (Note 2) 


0.122 




7.8125 


US 


22 


tpcH 


PCM Clock High Pulse Width 


48 




3890 


ns 


23 


tpCL 


PCM Clock Low Pulse Width 


48 




3890 


ns 


24 


tpCF 


Fall Time of Clock 






15 


ns 


25 


tpcR 


Rise Time of Clock 






15 


ns 


26 


tFSS 


FS Setup Time 


25 




tpCY-50 


ns 


27 


tpSH 


FS Hold Time 


50 






ns 


28 


tTSD 


Delay to TSC Valid 
(with Programmable Delay) (Note 3) 


5 

30 




80 
150 


ns 
ns 


29 


trso 


Delay to TSC Off 
(with Programmable Delay) (Note 6) 


5 

30 




80 
150 


ns 
ns 


30 


tDXD 


PCM Data Output Delay 
(with Programmable Delay) (Note 4) 


3 

30 




80 
150 


ns 
ns 


31 


tDXH 


PCM Data Output Hold Time 
(with Programmable Delay) (Note 4) 


5 

30 




80 
150 


ns 
ns 


32 


toxz 


PCM Data Output Delay to High-Z 
(with Programmable Delay) (Note 4) 


5 

30 




80 
150 


ns 
ns 


33 


tDRS 


PCM Data Input Setup Time 


25 




70 


ns 


34 


tDRH 


PCM Data Input Hold Time 


5 




150 


ns 
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Master Clock 

For 2.048 MHz ±100 ppm or 4.096 MHz ±100 ppm operation: 









Preliminary 




No. 


Symbol 


Parameter 


Min 


Typ 


Max 


Units 


35 




Master Clock Period (2.048 MHz) 


488.23 


488.28 


488.33 


ns 


Master Clock Period (4.096 MHz) 


244.11 


244.14 


244.17 


ns 


36 


tMCR 


Rise Time of Clock 




15 




ns 


37 


tMCF 


Fall Time of Clock 






15 


ns 


38 


tMCH 


MCLK High Pulse Width (2.048 MHz) 


200 






ns 


MCLK High Pulse Width (4.096 MHz) 


80 






ns 


39 


tMCL 


MCLK Low Pulse Width (2.048 MHz) 


200 






ns 


MCLK Low Pulse Width (4.096 MHz) 


80 






ns 



Notes 1 . DCLK may be stopped in the High or Low state indefinitely without loss of information. If DCLK is stopped in the High state, CS can 
subsequently make any number of transitions without activating the Microprocessor Interface logic. 

2. The PCM clock frequency must be an integer multiple of the frame sync frequency with a long term accuracy of 100 ppm. The maxi- 
mum allowed PCM clock frequency is8.192MHz.The actual PCM clock rate is dependent on the number of channels allocated within 
a frame. The minimum clock frequency is 128 kHz. A PCLK of 1 .544 MHz may easily be used for standard U.S. transmission systems. 

3. TSC is delayed from FS by a typical value of N • tpcv, where N is the value stored in the time/clock-slot register. 

4. There is a special conflict detection circuitry which will prevent high-power dissipation from occurring when the DXA or DXB pins of two 
DSLAC devices are tied together and one DSLAC device starts to transmit before the other has gone into a high-impedance state. 

5. The first data bit is enabled on the falling edge of CS or on the falling edge of DCLK, whichever occurs last. 

6. trso is defined as the time at which the output achieves the open circuit condition. 

7. The DSLAC device requires 40 cycles of the 8-MHz internal clock (5 us) between SIO operations. If the MPI is being accessed while 
the MCLK input is not active, a Chip Select Off time of 20 us is required. 



SWITCHING WAVEFORMS 

Input and Output Waveforms for AC Tests 



2.4" 



0.45" 
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Microprocessor Interface (Input Mode) 

— ©- 
*©* *© 



DCLK 



cs 
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Data 
Valid 
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Microprocessor Interface (Output Mode) 



DCLK 



© 



DoUT 
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PCM Highway Timing for XE = (Transmit on Negative PCLK Edge) 



Time Slot Zero 
Clock Slot Zero 



PCLK 



FS 



DXA/DXB 




DRA/DRB 
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PCM Highway Timing for XE = 1 (Transmit on Positive PCLK Edge) 



DXA/DXB 



©-» 



Time Slot Zero 
Clock Slot Zero 




First Bit 



DRA/DRB 




See Note 6 



Note: In this mode, the PCM transmit timing is 



with other CODEC IC's. 
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Micro 

Dual Subscriber Line Audio-Processing Circuit (DSLAC™ Device) Devices 



DISTINCTIVE CHARACTERISTICS 

■ IOM 2 Interface 

—Control and PCM on one bus 

— Data rate up to 4.096-MHz independent of 
master clock 

■ Two independent channels 

■ Software programmable 

— SLIC impedance 

— Trans-hybrid balance 

— Transmit and receive gains 

— Equalization 

— Digital I/O pins with input debouncing 

■ A-law or u-law coding 



■ Adaptive trans-hybrid balance function 
(Am79C04/A only) 

■ 2.048- or 4.096-MHz master clock 

■ Simple interface to Am795XX series SLICs 

■ Direct transformer drive 

■ Built-in test modes 

■ Low-power CMOS 

■ Mixed mode (analog and digital) impedance 
scaling 

■ Performance characteristics guaranteed over 
12-dB gain range 



BLOCK DIAGRAM 
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GENERAL DESCRIPTION 

The DSLAC IC is designed to be used in telecom- 
munication linecards for both PBX and central office 
telephone exchanges. It converts the analog signal from 
the subscriber to digital PCM-encoded signals for trans- 
mission on the IOM 2 highway and converts a PCM- 
encoded signal received from an IOM 2 highway to an 
analog signal to be sent to the subscribers. The ad- 
vanced architecture of the DSLAC device implements 
two independent channels and employs digital filters to 
allow software control of transmission parameters. 



Advanced CMOS technology gives the economical 
DSLAC device both the functions and the low-power 
consumption needed by linecard designers to maximize 
linecard density at minimum cost. When used with 
two SLICs, the DSLAC device provides a complete 
dual-channel, software-configurable solution to the 
BORSCHT (Battery feed, Overvoltage protection, Ring- 
ing, Supervision, coding, Hybrid and Test) function. 
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CONNECTION DIAGRAMS 
Top View 



32-Pin DIP 



ci, C 

C2, C 
C4,/IN. C 
AGND [ 
V, N , [ 
Veei [ 
Vout, C 

VccA C 

VoUT2 C 

V EE2 C 

V,N2 Z 

CFGo C 
CFGi/RST C 
C1 2 z 
C2z Z 
C4 2 /IN ; 



1 • 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 



32 P 

31 



tie 



30 
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44-Pin PLCC 
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> 
CC 
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Note: 1 . Pin 1 is marked for orientation purposes. 

2. RSRVD = Reserved pin, should not be connected externally to any signal or supply. 



SLAC/DSLAC Products 



2-115 



^ AMD 



PRELIMINARY 



ORDERING INFORMATION 
Standard Products 

AMD® standard products are available in several packages and 
formed by a combination of the elements below. 




ir number (Valid Combination) is 



AM79C04 



A 



P 



C 



TEMPERATURE RANGE 

*C = Commercial (0°C to 70°C, 

Relative Humidity = 1 5% to 85%) 



PACKAGE TYPE 

P = 32-Pin Plastic DIP (PD 032) 

J = 44-Pin Plastic Leaded Chip Carrier (PL 044) 

DEVICE OPTIONS 

Blank = Standard Device 

A = Adaptive Trans-Hybrid Balance 




Valid Combinations 



AM79C04 



Valid Combinations 



AJC, APC, JC, PC 



Valid Combinations lists configurations planned to 
be supported in volume for this device. Consult the 
local AMD sales office to confirm availability of spe- 
cific valid combinations, to check on newly re- 
leased combinations, and to obtain additional data 




* The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the DSLAC Extended 
Temperature Supplement for information on industrial temperature range (-40°C to +85°C) specifications. 
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PIN DESCRIPTION 
AGND 

Analog Ground 

Gt„ C2„ C3,/E„ C1 2 , C2 2 , C3 2 /CHCLK 
SLIC Outputs 

These latched outputs are TTL compatible and may be 
used to control the operation of a SLIC or any other de- 
vice associated with the subscriber line. C1i, C2i, and 
C3,/Ei are associated with Channel 1 and C1 2 , C2 2 , and 
C3 2 /CHCLK are associated with Channel 2. The outputs 
are set to a Low level when the device is powered up. 
The C/l (Command/Indicate) channel is then used to 
write data to these pins. 

In the Multiplexed mode, the C3 2 /CHCLK output pro- 
vides a 256-kHz or 273-kHz, 50% duty-cycle clock for 
use by two SLICs. The CHCLK frequency is synchro- 
nous to MCLK, but the phase relationship to MCLK is 
random. It is capable of driving two TTL inputs. As 
CHCLK, this output is only active when one or both 
channels are in the active state; otherwise it is held High. 
In the Mul tiplex ed mode, the C3,/Ei output is used to 
control the DEToutput f rom an Am795XX series SLIC. A 
High level allows the SLIC to output its ground-key de- 
tect status while a Low level allows the SLIC to output 
the status of its off-hook detector. C3i/Ei can be pro- 
grammed to go to a High level for a pprox imately 16 us 
every 1 to 15 ms to demultiplex the DET inputs. 

C5,/INs, C52/1N 2> C4./IN., C4 2 /IN 3 
SLIC Inputs/Outputs 

Each pin may be programmed to be an input or output. 
C4,/IN S and C5i/INsare associated with Channel 1 and 
O^/INa and C52/IN2 are associated with Channel 2. All 
pins are set to the Input mode when the device is pow- 
ered up. If these pins are programmed to be outputs, 
they are written via the C/l channel. These lines are TTL 
compatible with latched outputs and may be used to 
control the operation of a SLIC or any other device asso- 
ciated with the subscriber line. If the pins are pro- 
grammed to be inputs, C4i/IN 6 will appear as C/l up- 
stream bit 6, C5i/INs will appear as C/l upstream bit 5, 
C42/IN3 will appear as C/l upstream bit 3, and C52/IN2 
will appear as C/l upstream bit 2. The Monitor Channel 
may be used to read the data on these pins. 



CFGi/RST, CFG. 

Configuration Number Assignment 

These inputs allow a configuration number assignment 
from to 5 by connecting them to either -5 V, ground, 
or +5 V. A voltage of greater than +2 V applied to 
the CFG1/RST input causes the device to perform a 
hardware reset. For proper operation, CFGo should be 
hardwired to one of the DSLAC device's power supplies. 

DCL 

IOM 2 Clock 

The IOM 2 clock determines the rate at which IOM 2 
data is serially shifted into or out of the IOM 2 ports. This 
rate is twice the desired bit rate. The maximum clock fre- 
quency is 8.1 92 MHz and the minimum clock frequency 
is 512 kHz. The IOM 2 clock may be asynchronous to 
MCLK. 

DD 

IOM 2 Downstream Input 

Downstream data is received serially on the DD port 
every 125 us at half the DCL rate. 

DET./IN,, DTfVlN, 

Loop Status Detector Inputs 

In the Multiplexed mode, the DET1/IN4 and DET 2 /IN, in- 
puts are intended to monitor outputs from a Subscriber 
Line Interface Circuit (SLIC), providing off-hook and 
ground-key sensing on the same signal. When the 
E1 ou tput i s Low , the IOM 2 DSLAC device interprets 
DETi/IN 4 or DET 2 /IN, as off-hook detector inputs. When 
E, is High, the DSLAC device interprets these pins 
as ground-key detector inputs. These pins may also 
be u sed in a non-Multiplexed mode, whereby the 
DETVIN4 input is routed to the C/l upstream bit 4 and 
the DET 2 /IN, input is routed to the C/l upstream bit 1 . 
These inputs are TTL compatible. 

DGND 

Digital Ground 
DU 

IOM 2 Upstream Output 

Upstream data is output serially on the DU pin every 
125 us at half the DCL rate. DU is high impedance be- 
tween bursts. This pin is an open-drain output. 
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FSC 

Frame Sync 

The Frame Sync pulse is an 8-kHz signal which identi- 
fies the beginning of a frame. The IOM 2 DSLAC device 
references individual time slots with respect to the 
Frame Sync pulse. FSC is synchronized to DCL. 

MCLK 

Master Clock 

The Master Clock is a 2.048- or 4.096-MHz clock input 
for use by the digital signal processor. DCL may be 
asynchronous to MCLK. 

S 2 -S„ 

Time Slot Number Assignment 

These inputs are used for a time slot number assign- 
ment from to 7. They direct the DSLAC device to input 
and output PCM and programming information on one 
of eight time slots. 

Digital Power Supply 

+5-V digital power supply. 



Vcc* 

Analog Power Supply 

+5-V analog power supply must be connected to 
the +5-V digital power suppiy. 

V EE , 

-5-V power supply— Channel 1. 

V EE2 

-5-V power supply— Channel 2. 

V, N ,,V« 

Analog Inputs 

The analog input is applied to the transmit path of 
the IOM 2 DSLAC device. The signal is sampled, digi- 
tally processed, and encoded for the IOM 2 PCM output. 
V IN , is for Channel 1 and Vi N2 is for Channel 2. 

Voim,VouT2 

Analog Outputs 

The received PCM data is digitally processed and con- 
verted to an analog signal at the Vo^ pin. Voun is for 
Channel 1 and Voim is for Channel 2. These outputs 
may be used to drive a transformer SLIC directly. 
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FUNCTIONAL DESCRIPTION 

The DSLAC device performs the Codec/filter func- 
tions associated with the four-wire section of the sub- 
scriber line circuitry in a digital switch. These functions 
involve converting an analog voice signal into digital 
PCM samples and converting digital PCM samples back 
into an analog signal. The PCM codes are 8-bit and are 
programmed to be either A-law or u-law companded. 
During conversion, digital filters are used to band-limit 
the voice signals. 

The user-programmable filters set the receive and 
transmit gain, perform the trans-hybrid balancing 
function, permit adjustment of the two-wire termination 
impedance, and provide frequency attenuation adjust- 
ment (equalization) of the receive and transmit paths. 
Adaptive trans-hybrid balancing is a feature of the 
Am79C04A. All programmable digital filter coefficients 
can be calculated using AmSLAC2™ software. 

The independent channels allow the DSLAC device to 
function as two SLAC™ devices. All of the digital filtering 
is performed in digital signal processors operating 
from either a 2.048-MHz or 4.096-MHz external clock. 
The A/D, D/A, and signal processing are separate for 
each channel. The IOM 2 DSLAC device is available 
in a 32-pin DIP or a 44-pin PLCC. 

This section describes the operation of the IOM 2 in- 
terface portion of the Am79C04 DSLAC device. The 
operational and signal processing features of the 
Am79C04 DSLAC device are identical to the 
Am79C02. A full description of these features can 
be found in the Am79C02 data sheet. 



Operational Modes 

See the Am79C02/3(A) Data Sheet. 

Signal Processing 

See the Am79C02/3(A) Data Sheet. 

IOM 2 Interface 

The IOM 2 Interface allows communication of both con- 
trol and voice data between the IOM 2 highway and sub- 
scriber line circuits ovef a single pair of pins on the 
DSLAC device. 

Upstream IOM 2 Interface 

The upstream IOM 2 Interface logic (Figure 1) receives 
an 8-bit compressed voice code from each subscriber 
channel signal processor. Also input to the multiplexer 
are a Status and Control (SC) byte containing subscrib- 
er line status information and a Monitor (M) byte con- 
taining processor status information. These four inputs 
are formed into a 4-byte time slot by the upstream multi- 
plexer and sent upstream via the DU pin on the DSLAC 
device. The frame sync (FSC) pulse identifies the begin- 
ning of a frame and all time slots are referenced to it. 

The time slot is determined by the code appearing 
on the Time Slot Assignment pins, S2-S0. This allows 
up to eight 4-byte time slots (using a DCL of 4.096 MHz) 
in each frame. This feature allows any clock frequency 
between 512 kHz and 4.096 MHz (1 to 8 time slots) 
in a system. Frequencies between 4.096 MHz and 
8.192 MHz are allowed, but only the first eight time slots 
are used. 



From Transmit — Channel 1 
Signal Processors — Channel 2 

SCbyte 
M byte 



FSC 
DCL 



Upstream 
Multiplexer 



Time Slot 
Control 



DU 



S„ 
S, 

S2 



12764A-002 



Figure 1. Transmit (Upstream) IOM 2 Interface 
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Downstream IOM 2 Interface 

The downstream IOM 2 Interface logic (Figure 2) de- 
multiplexes a time slot (determined by the code on pins 
S2-S0) from the downstream data on input DD of the 
DSLAC device. The time slot contains voice data des- 
tined for each of the subscriber line signal processors. 
Also obtained from the time slot are an SC byte used for 
SLIC I/O programming and an M byte used for signal 
processor programming. 

As in the upstream interface, one to eight 4-byte time 
slots are allowed in each frame (using a DCL frequency 
of 512 kHz to 4.096 MHz). 

IOM 2 FORMAT AND COMMAND 
STRUCTURE 

IOM 2 Format 

A complete IOM 2 frame is sent upstream on the DU pin 
and received downstream on the DD pin every 125 us. 
Each frame consists of up to eight 4-byte time slots. The 
overall structure of the IOM 2 frame is shown in Figures 
3 and 4. Figure 3 shows the pattern when only a single 
IOM 2 time slot is used with a 256 kb/s bit rate. In this 



case the same 32-bit time slot is sent for every frame. 
Figure 4 shows the pattern when the maximum capacity 
of eight IOM 2 time slots is used. In this case, a bit rate of 
2048 kb/s is needed. Any number of time slots between 
1 and 8 can be used, provided the bit rate is adjusted 
such that a complete frame of time slots can occur every 
125 us. Note that the DCL clock input must be set at a 
frequency of twice the desired bit rate. 

An individual 4-byte IOM 2 time slot contains the 
following: 

• Two bytes, B1 and B2, containing voice data for two 
separate channels. One IOM 2 time slot can serve 
two analog subscriber lines. 

• One Monitor (M) byte for reading and writing control 
data and DSP coefficients. 

• One Signaling and Control (SC) byte containing a 
6-bit Command/Indicate (C/l) field for control in- 
formation and a 2-bit field with Monitor Receive and 
Monitor Transmit (MR and MX) bits for handshaking 
functions. All principal signaling information is carried 
on the C/l channel. 



To Receive " 
Signal Processor < 



-Channel 1 — 

-Channel 2 — 

SCbyte «- 

Mbyte <- 



FSC 
DCL 



Downstream 
Demultiplexer 



DD 



Time Slot 
Control 



So 

S, 
S 2 



12764A-003 



Figure 2. Receive (Downstream) IOM 2 Interface 
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Figure 3. IOM 2 Time Slot Structure (256 kb/s) 
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Programming the DSLAC device is accomplished by 
using the Signaling and Control (SC) and Monitor (M) 
bytes of the downstream IOM 2 channel. Additionally, 
data programmed previously may be read out for verifi- 
cation via the upstream IOM 2 channel M and SC bytes. 
For each subscriber channel, commands are provided 
to assign values to the following parameters: 

Transmit gain 

Receive loss 

B-filter coefficients 

X-filter coefficients 

R-filter coefficients 

Z-filter coefficients 

Adaptive B-filter parameters 

AISN coefficient 

Switch-hook/ground-key sampling interval 



Debounce time for SLIC input port 
Read/Write SLIC input/output 
Enable/disable GX filter 
Enable/disable GR filter 
Enable/disable B filter 
Enable/disable X filter 
Enable/disable R filter 
Enable/disable Z filter 
Enable/disable adaptive B filter 
Enable/disable AX amplifier 
Enable/disable AR amplifier 
Selection of A-law or u-law code 
Selection of test modes 
Selection of active or standby mode 
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The SC Channel Command Structure 
Downstream C/l Channel 

C/l bit 6, the first bit received of the SC octet, is the ad- 
dress bit and selects whether the data in C/l bits 5 
through 1 is intended for Channel 1 or Channel 2. C/l 
bits 5 through 1 are directed to Cs through &, provided 
these SLIC I/O bits are programmed to be outputs. Any 
data directed to a SLIC line programmed to be an input 
would be ignored. 



Downstream SC Octet 



6 


5 


4 


3 


2 


1 


MR 


MX 



C/l Field 



Downstream Bit Definitions of C/l field: 

Bit 6 — Address bit. AO selects Channel 1 . A1 selects 
Channel 2 

Bit 5 — Data to C5 (if configured to be an output) 
Bit 4 — Data to C4 (if configured to be an output) 
Bit 3 — Data to C3 (in non-Multiplexed mode) 
Bit 2— Data to C2 
Bit 1— Data toC1 



Figure 5 shows a flow chart describing the maximum 
security protocol. Whenever the received pattern of C/l 
bits 6 through 1 is different from the pattern currently in 
the C/l input register, the new pattern is loaded into a 
secondary C/l register. When the next pattern is re- 
ceived (in the following cycle), the following rules apply: 

1 . If the channel is addressed in the following frame 
and the received pattern corresponds to the pattern 
in the secondary register, then the new pattern is 
loaded into the C/l register. 

2. If the channel is not addressed in the following frame, 
the newly received pattern is loaded into the 
secondary C/l and the content of the C/l register is 
unchanged. 

3. If the channel is addressed in the following frame but 
the received pattern is different from the pattern in 
the secondary register and different from the pattern 
currently in the C/l register, the newly received 
pattern is loaded into the secondary C/l register. 

4. If the channel is addressed in the following frame but 
the received pattern is the same as the pattern 
currently in the C/l register, the C/l register is 
unchanged. The result is the C/l field (6-1) must be 
the same for two consecutive frames before it is 
latched internally. 



Receive new 
C/l code 




Yes 



Store in S 



I: C/l Register Contents 

S: C/l Secondary Register Contents 




Yes 



Load C/l Register 
with new code 



Yes 



12764A-O06 



Figure 5. Security Procedure for C/l Downstream Byte 
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Upstream C/l Channel 

There are three upstream C/l bits for each of the two 
analog lines. C/l bits 4, 5, and 6 are used for Channel 1 , 
while C/l bits 1 , 2, and 3 are used for Channel 2. Since 
the upstream receiving device will also be applying a 
last look security protocol to the complete 6-bit C/l field, 
and since changes to the C/l pattern will not be synchro- 
nized between two independent source devices, each 
new 3-bit pattern must be present in at least three con- 
secutive 125-us frames to ensure transfer. 

•« Upstream SC Octet ► 



MSB LSB 



6 


5 


4 


3 


2 


1 


MR 


MX 



C/l Field 



Upstream Bit Definitions of C/l field: 

Bit 6 — C4,/IN«, if C4i/IN 6 is programmed to be an input, 
High otherwise 

*Bit 5 — Ground-key detect, Channel 1 (Multiplexed 
mode), or C5,/INs (non-Multiplexed mode if pin is pro- 
grammed to be an input), or logic 1 (if pin is programmed 
to be an output) 

*Bit 4 — S witch -hook detect, Channel 1 (Multiplexed 
mode), or DEL/IN* (non-Multiplexed mode) 

Bit 3 — C42/IN3, if C4 2 /IN 3 is programmed to be an input, 
High otherwise 

*Bit 2— Ground-key detect, Channel 2 (Multiplexed 
mode), or C5 2 /IN 2 (non-Multiplexed mode if pin is pro- 
grammed to be an input), or logic 1 (if pin is programmed 
to be an output) 

*Bit 1— Switch-hook detect, Channel 2 (Multiplexed 
mode), or DET2/IN1 (non-Multiplexed mode) 

*The data sent from the DSLAC device on bits 5, 4, 2, and 1 
reflect the output from the corresponding debounce circuit, if 
enabled. 

The Monitor Channel 

Monitor Channel Protocol 

The Monitor Channel is used to load internal device reg- 
isters, to read the status of the device and the contents 
of the internal registers, and to provide supplementary 
signaling. Information is transferred on the Monitor 
Channel using the MR and MX bits of the fourth (SC) oc- 
tet to provide a reliable method of handshaking.* 

Monitor byte information is transferred via the IOM 2 In- 
terface between read/write registers in the DSLAC 
device and upstream devices using the following proce- 
dure (refer to Figures 6 through 9). Note that the active 
state of the MX and MR bits is Low. 



1 . The MX bit remains in the inactive state for two or 
more consecutive frames to indicate an idle state or 
an end of transmission on the Monitor channel. 

2. A start-of-message is initiated by the sender by a 
transition of the MX bit from the inactive state to the 
active state together with the first byte transmitted in 
the monitor data octet of the same frame. The 
transmission may start only if the MR bit received by 
the transmitter has previously been in the inactive 
state for at least two frames. The receiver acknow- 
ledges start-of-messages by a transition of its MR bit 
to the active state and confirms receipt of the first 
byte by holding the MR bit in the active state for a 
second frame. 

3. The transition of the MX bit from the active to the 
inactive state indicates the transmission of a new 
byte. The transition of the MX bit from the inactive 
state to the active state in the following frame 
indicates a repeat of the new data byte. 

4. The transition of the MX bit from the active to the 
inactive state, followed by a repeat of the inactive 
state for at least one or more frames, indicates 
end-of-message and that the content of the monitor 
data field is invalid. 

5. The transition of the MR bit from the active to the 
inactive state acknowledges receipt of the first 
transmission of a new byte. The transition of the MR 
bit from the inactive to the active state in thefollowing 
frame confirms the new byte has been correctly 
received. 

6. The transition of the MR bit from the active to the 
inactive state, followed by a repeat of the inactive 
state for at least one more frame, acknowledges the 
receipt of end-of-message or, if received before 
end-of-message has been transmitted, requests to 
abort the message and repeat. 

7. The active state of the MX bit, accompanied by 
further transmissions of the current data byte, may 
continue indefinitely (subject to a time out) for the 
purpose of flow control. 

8. The active state of the MR bit may continue 
indefinitely (subject to a time out) for the purpose of 
flow control. 

Each data byte is repeated until the transmission of a 
new byte, an end-of-message, or an abort. 



"The IOM 2 DSLAC device will acknowledge receipt of a Monitor byte only if it is identical to the Monitor byte of the previous Frame. [This 
is the same security protocol used for the C/l bits (6-1).] 
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The circled numbers in Figures 6 through 9 refer to the sequence numbers listed previously: 




1 25 [J-S 

12764A-007 

Figure 6. General Case of Multiple Byte Message Transfer 




12764A-008 

Figure 7. Abort Request on Multiple Byte Message Transfer 
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MX 



Sender (T) 
MX\ 



©1 



© 



1st Byte 



MR 



Receiver 



MR\ 



© 



.© 
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© 



EOM 



© 



125 ns 



Figure 8. Single Byte Message Transfer 
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Figure 9. Abort Request on Single Byte Message Transfer 



SLAC/DSLAC Products 



2-125 



^ AMD 



PRELIMINARY 



Monitor Channel Command Structure 

The Monitor byte is the third byte in the 4-byte frame 
sent and received every 1 25 us over the DU or DD pins. 
A Monitor command consists of one or more command 
bytes which may be followed with additional bytes of in- 
put data or may be followed by the DSLAC device send- 
ing out bytes of data over the DU pin. The first byte sent 
in a monitor channel message contains address, com- 



mand, and read/write information conforming to the 
format in the diagrams below. Commands #25 through 
#40 are used to program the internal filters of the 
DSLAC device. Please refer to the Am79C02/3(A) 
DSLAC Preliminary Data Sheet for a complete descrip- 
tion of the filter transfer functions and the coefficient 
structure. 



Dy 



Ds 



D 3 



Di Do 



Do 



D2-D0: Opcode Bits 



D 3 = 0: Command sent to address defined by bit D« 
D 3 = 1 : Command sent to both channels, D 4 ignored 

D 4 = 0: Command to Channel 1 
D 4 = 1 : Command to Channel 2 



D 5 =1: Single Byte Command 



12764A-011 



D 7 D. D 5 D 4 D 3 D 2 D, Do 



1 








DST 


AM 


D 2 


D, 






D, = 0: Two Byte Command + 
> 1 byte of control data 

D, = 1 : Two Byte Command + 

1 or more bytes of coefficient data 

D 2 =0: Read Command 
D 2 = 1 : Write Command 

_^ D 3 = 0: Command sent to address defined by bit D 4 
D3= 1 : Command sent to both channels, D 4 ignored 

_^ D 4 = 0: Command to Channel 1 
D 4 =1: Command to Channel 2 

D 5 = 0: Multiple Byte Command 



12764A-012 
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Channel Commands 

Byte 2 



Summary of Monitor 



# Byte 1 

1 101ABOOO 

2 101AB001 

3 101AB010 

4 101AB011 

5 101AB100 

6 101AB110 

7 101AB111 

8 1 00A0000 

9 100AB100 00000001 

10 100AOOOO 00000001 

11 100AB100 00000011 

12 100A0000 00000011 

13 1OOA0000 00000100 

14 100AB100 00000101 

15 100A0000 00000101 

16 100AB100 00000110 

17 100A0000 00000110 

18 100AB100 00000111 

19 100AOOOO 00000111 

20 100AOOOO 00001000 

21 100AB100 00001001 

22 1O0A0000 00001001 

23 100AB100 00001010 

24 100A0000 00001010 

25 100AB110 00000000 

26 100A0010 00000000 

27 100AB110 00000001 

28 100A0010 00000001 

29 100AB110 .00000010 

30 100A0010 00000010 

31 100AB110 00000011 

32 100A0010 00000011 

33 100AB110 00000100 

34 100A0010 00000100 

35 100AB110 00000101 

36 100A0010 00000101 

37 100AB110 00000110 

38 100A0010 00000110 

39 100AB110 00000111 

40 100A0010 00000111 



A is referred to as DST in the following section. 
A: = Destination is Channel 1 
1 = Destination is Channel 2 



Inactivate (Standby mode) 
Reset 

No Operation 

Reset to Normal Conditions 
Activate 

MCLK= 2.048 MHz 
MCLK = 4.096 MHz 
Read Channel ID Information 
Write AISN & Analog Gains 
Read AISN & Analog Gains 
Write SLIC Input/Output Direction 
Read SLIC Input/Output Direction and Power Status 
Read SLIC Input/Output Registers 
Write Operating Functions 
Read Operating Functions 
AMD Internal Use Only 
AMD Internal Use Only 
Write Operating Conditions 
Read Operating Conditions 
Read Revision Code Number 
Write Ground-Key Sampling Interval 
Read Ground-Key Sampling Interval 
Write SLIC Upstream Input Debounce Time 
Read SLIC Upstream Input Debounce Time 
Write GX-FiRer Coefficients 
Read GX-Filter Coefficients 
Write GR-Filter Coefficients 
Read GR-Filter Coefficients 
Write Z-Filter Coefficients 
Read Z-Filter Coefficients 
Write B-Filter Coefficients 
Read B-Filter Coefficients 
Write X-Filter Coefficients 
Read X-Filter Coefficients 
Write R-Filter Coefficients 
Read R-Filter Coefficients 
Write Echo Path Gain 
Read Echo Path Gain 
Write Error Level Threshold 
Read Error Level Threshold 
B is referred to as AM in the following section. 
B: = Command to channel defined by A bit 
1 = Command to both channels, A bit ignored 
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DETAILED MONITOR COMMAND DEFINITIONS 
Inactivate (Standby mode) 

MSB 

Format: 



LSB 



1 





1 


DST 


AM 












Bit Name Description 



During Inactive mode (of one or both channels), none of the programmed information is changed 
and the analog output is set to V. 



Reset 



MSB 



LSB 



Format: 



1 





1 


DST 


AM 








1 



Bit Name Description 



The Reset state of the device is: 

a. A-law is selected. 

b. B, X, R, and Z filters are disabled and AISN gain is zero. 

c. Transmit (GX and AX) and Receive (GR and AR) gains are set to unity. 

d. SLIC Input/Output is set to the Read mode. 

e. Normal conditions are selected (see Command 4). 

f . The Adaptive mode and Error Level Threshold are reset. 

g. The SLIC interface is set to the non-Multiplexed mode. 

h. Both channels are placed in the Inactive (Standby) mode. 



Reset to Normal Conditions 

MSB 

Format: 



LSB 



1 





1 


DST 


AM 





1 


1 



Bit Name Description 



Normal conditions are: 

a. 6 dB loss in receive path not inserted. 

b. Receive path not cut off. 

c. High-pass filter enabled. 

d. Test modes are turned off. 
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Activate (Operational Mode) 

MSB 

Format: 



LSB 



1 





1 DST 


AM 


1 









Bit Name Description 



Valid IOM 2 data is not transmitted until after the second FSC pulse is received following the exe- 
cution of the Activate command. 



Set MCLK to 2.048 MHz 

MSB 

Format: 



LSB 



1 





1 


DST 


AM 


1 


1 






Set MCLK to 4.096 MHz 

MSB 

Format: 



LSB 



1 





1 


DST 


AM 


1 


1 


1 



Read Channel Identification Information 
Command 

MSB 

Format: 



LSB 



1 








DST 
































Output Data 


1 





SRC 





C 


C 


C 


T T 


L L L L L L 



Bit Name 



Description 



SRC Source 

0= Source is Channel 1. 
1= Source is Channel 2. 

C Configuration 

This field reflects the state of the configuration inputs. 
T Device Type 

These 2 bits always have a value of 1 0. 

L Design Level 

This 6-bit field is used to differentiate between different implementations of the same device type. 
The IOM 2 DSLAC device is assigned the number 000100. 
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Write AISN and Analog Gains 
Command (2 Bytes) 

MSB 



LSB 



Format: 


1 








DST 


AM 


1 



































1 


Input Data 








AX 


AR 


A 


B 


c 


D 


E 



Bit Name Description 



AX Transmit Analog Gain 

AX = OdBgain 
AX = 1 6dBgain 

AR Receive Analog Loss 

AR = OdBloss 
AR = 1 6dBloss 

A, B, C, D, E AISN coefficients 



The Analog Impedance Scaling Network (AISN) gain can be varied from -0.9375 to 0.9375 in 
increments of 0.0625. The gain coefficient is encoded and decoded using the following equation: 

hiisN = 0.0625 ((A2 4 + B2 3 + C2 2 + D2 1 + E2°) - 1 6) 

where h A .sN is the gain of the AISN and A, B, C, D, and E = or 1. A value of ABCDE = 10000 
implements a special digital loop-back mode and a value of ABCDE = 00000 indicates a gain of 
(cut off). 



Read AISN and Analog Gains 
Command (2 Bytes) 

MSB 

Format: 



LSB 



Output Data 



1 








DST 





































1 






AX 


AR 


A 


B 


C 


D 


E 
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Write SLIC Input/Output Direction 
Command (2 Bytes) 

MSB 



LSB 



Format: 


1 








DST 


AM 


1 














































1 


1 


Input Data 


























A 


B 









Bit Name 



Description 



Pins C5i/IN 5 , C5 2 /IN 2 , C4,/IN S , and C^/INs are set to Input or Output modes individually. The Input 
mode is set when the appropriate data bit is set to 0, and the Output mode is set when the data 
bit is set to 1 . 



Data bit A sets pins C5,/IN S or C5 2 /IN 2 
Data bit B set pins C4,/IN 6 , or C4 2 /IN 3 



Read SLIC Input/Output Direction and Power Status 
Command (2 Bytes) 



MSB 



Format: 



Output Data 



LSB 



1 








DST 


































1 


1 




PI 


cs 




A 


B 









Bit Name 



Description 



PI 



CS 



Power Interrupt Bit 

PI = There has not been a power interruption since the last software reset command. 

PI = 1 A power interruption has been previously detected requiring the DSLAC device to be 
completely reprogrammed. This bit is cleared by issuing a software reset command. 
THE DSLAC DEVICE CANNOT BE ACTIVATED UNTIL THIS BIT IS CLEAR. 

Channel Status Bit 

CS = The status of the channel is inactive (Standby mode). 
CS = 1 The status of the channel is active (Operational mode). 
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Read SLIC Input/Output Re< 

Command (2 Bytes) 

MSB 


listers 








LSB 


Format: 1 








DST 
































1 








Output Data 
























DET 


C5 


C4 


C3 


C2 


C1 



Bit Name 



Description 



C5 
C4 



Refers to C5i or C5 2 if they are used as outputs. 
Refers to IN 5 or IN 2 if they are used as inputs. 

Refers to C4, or C4 2 if they are used as outputs. 
Refers to IN. or IN 3 if they are used as inputs. 



Write Operating Functions 



Command (2 Bytes) 


MSB 












LSB 


Format: 


1 








DST 


AM 


1 











































1 





1 


Input Data 




















ABF 


A/U 


EGR 


EGX 


EX 


ER 


EZ 


EB 







Bit Name 



Description 



ABF 



A/U 



EGR 



EGX 



EX 



Adaptive B Filter 

ABF=0 non-Adaptive mode 
ABF = 1 Adaptive mode 

A-law/|x-law 

A/U = A-law coding 
A/U = 1 u-law coding 



GR Filter 

EGR = 
EGR = 1 

GX Filter 

EGX = 
EGX = 1 

X Filter 

EX = 
EX = 1 



GR filter disabled 
GR filter enabled 



GX filter disabled 
GX filter enabled 



X filter disabled 
X filter enabled 
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Write Operating Functions— (continued) 



Bit Name Description 



ER 


R Filter 






ER = 


R filter disabled 




ER = 1 


n unci ciiauitru 


EZ 


Z Filter 






EZ=0 


Z filter disabled 




EZ=1 


Z filter enabled 


EB 


B Filter 






EB = 


B filter disabled 




EB = 1 


B filter enabled 



Read Operating Functions 
Command (2 Bytes) 

MSB LSB 



Output Data 



1 








DST 































1 





1 




ABF 


A/u 


EGR 


EGX 


EX 


ER 


EZ 


EB 



Write Operating Conditions 
Command (2 Bytes) 



MSB 



LSB 



Format: 



Input Data 



1 


. 





DST 


AM 


1 

























1 


1 


1 






CRP 


HPF 


RG 


ALB 


DLB 







Bit Name 



Description 



CRP 



HPF 



RG 



Cutoff Receive Path 

CRP = Receive path connected 
CRP = 1 Receive path cutoff 

High-Pass Filter 

HPF = High-pass filter enabled 
HPF = 1 High-pass filter disabled 

Receive Path Gain 

RG = 6 dB loss not inserted 
RG = 1 6 dB loss inserted 



SLAC Products 



2-133 



AMD PRELIMINARY 



Write Operating Conditions— (continued) 



Bit Name Description 



ALB Analog Loop-Back 

ALB = Analog loop-back disabled 
ALB = 1 Analog loop-back enabled 

DLB Digital Loop-Back 

DLB = Digital loop-back disabled 
DLB = 1 Digital loop-back enabled 

Note: Analog and Digital loop-backs must not be programmed at the same time. 



Read Operating Conditions 

Command (2 Bytes) 



MSB 



LSB 



Format: 



Output Data 



1 








DST 































1 


1 


1 






CRP 


HPF 


RG 


ALB 


DLB 







Read Revision Code Number 
Command (2 Bytes) 

MSB LSB 



Format: 



Input Data 



1 








DST 




























1 













# 


# 


# 


# 


# 


# 


# 


# 



Bit Name Description 

DST Don't care 
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Write Ground-Key Sampling Interval 
Command (2 Bytes) 

MSB LSB 



Input Data 



1 








DST 


AM 


1 






















1 








1 








CHF* 


MUX 


Gk3 


Gk2 


Gk1 


GkO 



Bit Name Description 



MUX Multiplexed mode 

MUX = non-Multiplexed mode 
MUX=1 Multiplexed mode 

The device may be configured to operate in the Multiplexed mode (MUX) where the off-hook 
status and the ground-key status are multiplexed onto the same line. Note that there is only one 
Ground-Key Sampling Interval register and one MUX bit per IOM 2 DSLAC device (not per channel). 
Thus, the DST and the AM fields are not decoded and a command to either channel will write into 
the Ground-Key register and the MUX bit. 

Gk3-Gk0 Sampling Interval 

1 to 15 ms in 1 ms steps. 

If the Gk3-Gk0 field is set to 0000 there is no debounce performed. If, additionally, the MUX bit is 
set to a or if the Gk3-Gk0 field is set to 0000, the C3JE, output is controlled by writing a or a 1 
into the output latch via the C/l downstream byte. 



Read Ground-Key Sampling Interval 

Command (2 Bytes) 

MSB LSB 



Format: 



Output Data 



1 








DST 




























1 








1 




- 1 - 


CHF* 


MUX 


Gk3 


Gk2 


Gk1 


GkO 



*CHF— Chopper Clock Frequency (this bit sets the chopper clock frequency when the IOM 2 DSLAC device is operating in multiplexed mode). 
CHF = 256 kHz (default) 
CHF = 1 273 kHz 
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Write SLIC Detect Inputs Debounce Time 

Command (2 Bytes) 

MSB 

Format: 



Input Data 



LSB 



1 








DST 


AM 


1 






















1 





1 







I - - 






Db3 


Db2 


Db1 


DbO 



Bit Name 



Description 



Db3-Db0 



Debounce Interval 

Sets the debounce time from to 15 ms in steps of 1 ms. 

This command sets the debounce interval for the input signals at DETi and DET 2 . Note that there 
is only one Detect Input Debounce register per IOM 2 DSLAC device (not per channel). Thus, the 
DST and the AM fields are unused and a command to either channel will write into the Debounce 



If the Db3-Db0 field is set to 0000, there is no debounce performed. 



Read SLIC Upstream Inputs Debounce Time 
Command (2 Bytes) 

MSB 



LSB 



Format: 


1 








DST 
































1 





1 





Output Data 














Db3 


Db2 


Db1 


DbO 






Write GX-Filter Coefficients 

Command (2 Bytes) 

MSB LSB 


Format: 


1 








DST 


AM 


1 


1 




































Input 



Cw rruo 


Cm rrbo 




C20 mat 


C10 mio 



Byte 1 
Byte 2 
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Read GX-Filter Coefficients 
Command (2 Bytes) 



MSB 



Format: 



Output Data 



LSB 



1 








DST 








1 
































C40 rruo 


Cm nriso 




C20 rtlao 


C10 mio 



Byte 1 
Byte 2 



Write GR-Filter Coefficients 
Command (2 Bytes) 



Format: 



Input Data 



MSB 



LSB 



1 








DST 


AM 


1 


1 




























1 



C40 rruo 


Cm rrbo 


C20 m» 


C10 mio 



Byte 1 
Byte 2 



Read GR-Filter Coefficients 
Command (2 Bytes) 



Format: 



Output Data 



MSB 



LSB 



1 








DST 








1 




























1 



C40 rruo 


Cm fTbo 


C20 CTteo 


C10 rtiio 



Byte 1 
Byte 2 
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Write Z-Filter Coefficients 
Command (2 Bytes) 



MSB 



Format: 



Input Data 



LSB 



1 








DST 


AM 


1 


1 

























1 






C45 


rrus 


L.35 


IT135 


oyie i 


C25 


nri25 




mis 


Byte 2 


p 

V-/40 


ITI40 




ITI30 


Byte 3 


C20 


rri2o 


ClO 


mio 


Byte 4 


c 


rrui 


c„ 




Byte 5 


Cm 


m2i 


c„ 


mil 


Byte 6 


c« 


nri42 


Ca2 


rite 


Byte 7 


C22 


m22 


C12 


mi2 


Byte 8 


C43 


m« 


C33 


rn?» 


Byte 9 




rri23 


C,3 


m 1 3 


Byte 10 


C44 


17144 


C34 


ntM 


Byte 1 1 


C 2 4 


rri24 


Cm 


mi4 


Byte 12 


C 46 


ITUs 




17136 


Byte 13 


C 2 6 


m26 


c« 


ITI16 


Byte 14 



Read Z-Filter Coefficients 

Command (2 Bytes) 

MSB 



Output Data 



LSB 



Format: 


1 








DST | 





1 











































1 


• 



C4S 


IT145 


Cs5 


rrhs 


Byte 1 


C25 


rrbs 


C« 


mis 


Byte 2 


C40 


m4o 


C30 


rri3o 


Byte 3 


C20 


nri2o 


ClO 


mio 


Byte 4 


C41 


rri4i 


C31 


rrbi 


Byte 5 




rrfei 


c„ 


mn 


Byte 6 


C42 


HI42 


Ca2 


rTb2 


Byte 7 


C22 


IT122 


Cl2 


ITI12 


Byte 8 


C43 


ITI43 


Ca3 


rrto 


Byte 9 


C23 


rri23 


C,3 


m« 


Byte 10 


C44 


ITI44 


C34 


ms4 


Byte 11 


C24 


rri24 


C,4 


mn 


Byte 12 


C46 


rruo 


c 36 


ITbu 


Byte 13 


C26 


rri26 


c. 


m« 


Byte 14 
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Write B-Filter Coefficients 
Command (2 Bytes) 



MSB 



Format: 



Input Data 



LSB 



1 








DST 


AM 


1 


1 

























1 


1 





ITI30 


020 


rri2o 


Byte 1 


r* 

OlO 


ITI10 


p„. 
031 


fTl3i 


Byte 2 






Ci, 




Byte 3 


C32 


ITI32 


C22 


rri22 


Byte 4 


C12 


rtii2 


C33 


(Tl33 


Byte 5 


C23 


rri23 


C13 


row 


Byte 6 


C34 


ITI34 


C24 


17124 


Byte 7 


Cu 


ITI14 


C35 


rriss 


Byte 8 


C25 


rri25 


Qu 


mis 


Byte 9 


C36 


ITI36 


C26 


m 2 6 


Byte 10 


C,e 


mie 


C37 


1TI37 


Byte 11 


C27 


1T127 


C,7 


mi? 


Byte 12 


C 48 


m«a 


C38 


nri38 


Byte 13 


C28 


m 2 o 


Cie 


mis 


Byte 14 



Read B-Filter Coefficients 

Command (2 Bytes) 



MSB 



Format: 



Output Data 



LSB 



1 








DST 








1 

























1 


1 



Cao 


tTtao 


C20 


rri2o 


Byte 1 


Co 


mio 


C31 


m 3 i 


Byte 2 


c 2 , 


ITI21 


Cij 


nriu 


Byte 3 




tTl32 


C22 


rri22 


Byte 4 


C12 


rrii2 


C33 


nri33 


Byte 5 


C23 


rri23 


C,3 


mi3 


Byte 6 


C34 


ITI34 


C24 


rri24 


Byte 7 


Cu 


mi4 


C35 


rriss 


Byte 8 


C25 


m25 


c, 5 


mi5 


Byte 9 


C36 


IT136 


c 2S 


rri26 


Byte 10 


Cs 


mi6 


C37 


m 3 7 


Byte 11 


C27 


1TI27 


C17 


mi? 


Byte 12 


C48 


1TI48 


Csb 


rri38 


Byte 13 


C 28 


rri2B 


ClB 


m« 


Byte 14 
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Write X-Filter Coefficients 

Command (2 Bytes) 



MSB 



Format: 



Input Data 



LSB 



1 








DST 


AM 


1 


1 






















1 









Lmo 


rri4o 


U30 


ITI30 


Dyie 1 


Cm 


rri2o 


C10 


mio 


Byte 2 


C41 


nrut 


c 3 , 


msi 


Byte 3 


c 2 , 


1TI21 


C11 


inn 


Byte 4 


C42 


mi2 


C32 


rrb2 


Byte 5 


C22 


m22 


C,2 


mi2 


Byte 6 


c« 


rrus 


Cs3 


rri33 


Byte 7 


C23 


ma 


C13 


mi3 


Byte 8 


C44 


rri44 


C M 


rrb4 


Byte 9 


C24 


tTl24 


C„ 


rriM 


Byte 10 


C45 


mis 


C35 


rr&s 


Byte 11 


C25 


rrbs 


C,S 


mis 


Byte 12 



Read X-Filter Coefficients 
Command (2 Bytes) 



MSB 



Format: 



Output Data 



LSB 



1 








DST 








1 






















1 









C40 


mto 


Cso 


rrbo 


Byte 1 


Ca> 


m2o 


C10 


mio 


Byte 2 


c« 


rrui 


C 3 , 


m 3 i 


Byte 3 


C2, 


tTfet 


C„ 


mn 


Byte 4 


C42 


m« 


C32 


rrta2 


Byte 5 


C22 


rri22 


Cl2 


mi2 


Byte 6 


C43 FT143 


Cm 


mss 


Byte 7 


C23 


m23 


C,3 


mis 


Byte 8 


C44 


1TU4 


C34 


rri34 


Byte 9 


C24 


rri24 


C,4 


mt4 


Byte 10 




nrus 


C 3S 


nrbs 


Byte 11 


C25 


rrbs 


C,5 


mis 


Byte 12 
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Write R-Filter Coefficients 

Command (2 Bytes) 



MSB 



Format: 



Input Data 



LSB 



1 








DST 


AM 


1 


1 






















1 





1 





rri4o 


C30 


nbo 


Byte 1 


C20 


1TI20 


C10 


mio 


Byte 2 


c 


rrui 


C31 


rri3i 


Byte 3 


C2t 




d, 


rrin 


Byte 4 




IT142 


C32 


nri32 


Byte 5 


c 22 


ITI22 


C12 


rtii2 


Byte 6 


C43 


rri43 


C33 


nri33 


Byte 7 


C 2 3 


ITI23 


C13 


mi3 


Byte 8 


Cu 


ITI44 


C34 


ms4 


Byte 9 


C24 


tTl24 


C„ 


rrii4 


Byte 10 


C 45 


rrus 


C35 


ID35 


Byte 11 


C 2 5 


rri25 


c, s 


mis 


Byte 12 



Read R-Filter Coefficients 
Command (2 Bytes) 



MSB 



Format: 



Output Data 



LSB 



1 








DST 








1 






















1 





1 



C40 


rruo 


C 3 o 


m3o 


Byte 1 


C20 


rrteo 


ClO 


mio 


Byte 2 


C4, 


rrui 


C 3 , 


rri3i 


Byte 3 


C2, 


rri2i 


c„ 


mil 


Byte 4 


C42 


ITI42 


C32 


m 3 2 


Byte 5 


C22 


nri22 


C12 


mi2 


Byte 6 


C43 


tTl43 


C33 




Byte 7 


C23 


rri23 


C13 


mis 


Byte 8 


C44 


rri44 


C34 


ITI34 


Byte 9 


C24 


1TI24 


C,4 


mi 4 


Byte 10 




m45 


C35 


mss 


Byte 11 


C25 


m 2 5 


C,5 


mis 


Byte 12 
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Write Echo Path Gain 
Command (2 Bytes) 



Format: 



Input 



Data 



MSB 



LSB 



1 








DST 


AM 


1 


1 






















1 


1 






Ceo 


rrtao 


C70 


rri7o 


Byte 1 


Ceo 


meo 


C50 


rriso 


Byte 2 


C40 


rruo 


C30 


rrtx 


Byte 3 


C20 


rrteo 


C10 


itiio 


Byte 4 



id I 



Read Echo Path Gain 
Command (2 Bytes) 



Format: 



Output Data 



MSB 



LSB 



1 








DST 








1 






















1 


1 






Cso 


ITteo 


C70 


nri7o 


Byte 1 


Ceo 


meo 


Cso 


rriso 


Byte 2 


C40 


rruo 


c» 


ITI30 


Byte 3 


C» 




C10 


mio 


Byte 4 



Write Error Level Threshold 

Command (2 Bytes) 



MSB 



Format: 



LSB 



1 








DST 


AM 


1 


1 






















1 


1 


1 



Input Data 
















Cm 


mio 


C20 


mm 


Byte 1 
















Read 


Error Level Threshold 



MSB 



Format: 



Output Data 



ITteo 



LSB 



1 








DST 








1 






















1 


1 


1 



mio 



Byte 1 
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SLIC INTERFACE 
General Description 

Each channel of the DSLAC device has I/O pins for in- 
terfacing with a SLIC or other line circuit device. The I/O 
pins on port 1 are labeled C5,/IN 5 , C4,/INs, C3,/E,, C2,, 
and C1i. The I/O pins on port 2 are labeled C5 2 /IN 2 , 
C4 2 /IN 3 , C3 2 /CHCLK 1 _C2 2 , and C1 2 . One input -only pin 
for each channel (DET/IN. for Channel 1 and DEL/I Nt 
for Channel 2) is also available. When used with an 
Am795XX series SLIC, C 4 , C 2 , and Ci can be used as 
outputs to set the Operating mode of the SLIC while C 5 
would typically be used to control a test relay driver on 
the SLIC. C3i/Ei is used (in the Multiplexed mo de) to 
control the function of the SLIC line monitor output, DET. 
Cs and C« of each channel can be programmed to be an 
input or an output via a Monitor channel command. 

Data can be sent to any of the I/O pins configured as out- 
puts via the six C/l bits of the downstream SC byte. All of 
the I/O pins configured as inputs may be read via a 
Monitor channel command. Additionally, three input 
signals from each channel are taken to form the six C/l 
bits of the upstream SC byte. 

Ground-Key/Switch-Hook Detector 
Multiplexing 

The DET input for each channel can be programmed to 
operate in the Multiplexed mode to interface with the 
Am795XX series SLIC devic es. In this mode, the inter- 
pretation of the signal on the DET input is controlled by 
the C3i/Ei output. When Ei is Low, D ET is i nterpreted as 
switch-hook detect. When Ei is High, DET is interpreted 
as ground-key detect. Input debouncing may be se- 
lected for both the switch-hook and ground-key func- 
tions. Note that in the Multiplexed mode, the ground- key 
detect status and not the C5 t /INs and the C5 2 /IN 2 inputs 
are part of the upstream SC byte. 



The state of E, can be controlled directly via a Monitor 
channel command or by the internal ground-key (Gk) 
timer which allows it to go High for approximately 1 6 us 
every 1 to 15 ms. In this way, the DSLAC device can 
automatically de-multiplex the switch-hook and ground- 
key detector. Figure 1 shows the details of ground-key/ 
switch-hook multiplexer timing. 

Input Debouncing for Switch-Hook and 
Ground-Key Detect Inputs 

There are two input debounce circuits associated with 
each channel of the DSLAC device. The first is used to 
debounce the DET input. The circuitry requires the sig- 
nal on the DET input to be stable for two of the debounce 
intervals defined by the state of the Db timer (1 to 15 ms 
set by monitor command #23) in order for the upstream 
C/l byte to reflect the change. 

A second debounce circuit per channel is available 
which would typically be used for the ground-key input. 
The input to this debounce circuit can come from C5i/IN 5 
and C5 2 /I N 2 (i n the non-Multiplexed mode), or the 
DET and DET 2 inputs (in the Multiplexed mode). This 
circuit operates as a duty-cycle detector and consists of 
an up/down counter which can range between and 6. 
The counter is clocked by the Gk timer which is set by 
monitor command #21 to a value between 1 to 15 ms. 
When the sampled value of the ground-key input is 
High, the counter is incremented. When the sampled 
value is a Low, the counter is decremented. If the 
counter increments to its maximum value of 6, it sets a 
latch whose output is the corresponding upstream C/l 
bit. If the counter decrements to its minimum value of 0, 
the latch is cleared. The following truth table shows the 
functioning of the ground key debounce circuit at every 
Gk clock. 



-Key Input 


Current State 


Next State 


Action On C/l Bit Latch 





State 


State 


Force Low 





State 1 


State 


Force Low 





State 2 


State 1 


No change 





State 3 


State 2 


No change 





State 4 


State 3 


No change 





State 5 


State 4 


No change 





State 6 


State 5 


No change 


1 


State 


State 1 


No change 


1 


State 1 


State 2 


No change 


1 


State 2 


State 3 


No change 


1 


State 3 


State 4 


No change 


1 


State 4 


State 5 


No change 


1 


State 5 


State 6 


Force High 


1 


State 6 


State 6 


Force High 
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C3./E, 



*Switch-Hook 
Sample 



Ground-Key 
Sample 




Sample Interval 



1 ms to 15 ms intervals 
(Programmable in 1 5 steps) 



-//- 



Tm 



C3,/E, 



Switch-Hook 
Sample 




Ground-Key 
Sample 



Ts1 



t t 



125 ns 



Ts2 



I 

CHCLK = 256 kHz U 15.625 us »L- 15.625 us Ju. 



CHCLK = 273kHz 



, 14.65 us 14.65 us 



93.75 us 
95.7 us - 



-+l 



125 us 



•Programmed through CHF bit in Ground-Key Sampling Internal Register. 
"Switch-hook samples occur at the beginning of selected time slot. 
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The following table describes the various operating Ground Key (Gk) and the Debounce (Db) timers. A dia- 
modes depending on the state of the MUX bit and the gram of the SLIC I/O architecture is shown in Figure 1 1 . 



MUX 


Gk3— GkO 


Db3— DbO 


Oneratina Mode 







0000 


0000 


1. Non-Multiplexed mode. The DEL input is sampled every 
cycle and appears on C/l bit 4. The DET 2 input is sampled every 
cycle and appears on C/l bit 1 . Since the Db3-Db0 field is set to 
all 0s, there is no input debouncing. The C5i/INs input is 
sampled even/ frame and appears on C/l bit 5. The C5a/INj 
input is sampled every frame and appears on C/l bit 2. Since 
the Gk3-Gk0 field is set to all 0s, there is no input debouncing 
on C/l bit 5 or C/l bit 2. 







1-15 


1-15 


2. Same as 1 , except the DET inputs must be stable for two of the 
clock cycles defined by the state of the Db timer (1 to 1 5 ms) for 
the upstream C/l byte to reflect the change. The C5i/IN 5 and 
the C5 2 /IN 2 inputs are passed through the ground-key 
debounce circuit at a clock rate defined by the state of the Gk 
timer (1 to 15 ms). 




1 


1-15 


0-15 


3. Multiplexed mode. The C3</Ei output will pulse High for one 
frame at a rate set by the Gk timer (1 to 1 5 ms). Thus, the state 
of the ground-key detector will be sampled at the Gk rate and 
passed to the ground-key debounce circuit. The ground-key 
status bits, C/l bit 2 and C/l bit 5, will reflect the output of the 
debounce circuit. If the Db3-Db0 field is set to 0000, C/l bit 1 
and C/l bit 4 will be updated every frame except when the 
ground-key is being sampled. Otherwise, the switch-hook 
detect is sampled at the Db-clock rate and C/l bit 1 and C/l bit 4 
will be updated when the sampled value has been stable for 
2 Db-clock cycles. 




1 


0000 


0-15 


4. Same as 3, except the C3i/Ei pin is controlled by the down- 
stream C/l channel and not by the Gk timer. Thus, the 
multiplexer can be manually set to interpret the DET input as 
either switch-hook status or ground-key status. When the Ei 
signal is Low (selecting switch-hook status), C/l bits 5 and 2 
(the ground-key detect bits) will not change states. Conversely, 
when the E, signal is High, C/l bits 4 and 1 will not change 
states. 



SLAC/DSLAC Products 2-145 



AMC 



PRELIMINARY 



SLIC I/O registers and the DET inputs can be 
non-destructively read at any time via Monitor 
Channel Command #13. 



#21, 22^°^^ I- Ngk 



#23, 24 « 



Debounce 
Timer 



— Ndb 



/ 
6 | 5 



Data 



4 I 3 | 2 | 1 I MR | MX | 



Downstream SC Byte 



Channel Address 



Monitor Channel Command # 8 
Data Byte # 1 



0/1 



iyte : 

"To" 



Address 

Data Byte # 2 



#11, #12 I/O Direction 



I/O 



Out 



Latches 
Upstream C/l 

|C/I Bit 6 1 



|C/I Bit 5j- 



Ground Key 



Debounce 
Ngk 



MUX 



Ngk- 



1 

T 

MUX 



Off-Hook 



IC/I Bit 4^ 



Debounce — 



£ 



Ndb 



MUX Mode 
Only 



#11, #12 I/O Direction 



I/O 



Out 



Latches 
Upstream C/l 



IC/I Bit 3| 
|C/I Bit2j- 

!C/I Bit 1 r 



Ground Key 



MUX 
i_ 



Debounce 
Ngk 



_o H 

1 



256 kHz 
or 

273 kHz 



1 



T 

MUX 

£ 



Off-Hook 



Debounce — 



Ndb 



MUX Mode 
Only 





3 / 


Config 
Decode 









C4,/IN. 
C5,/INs 

CI, 
C2, 



C3,/E, 



DET,/IN4 



C4 2 ,IN 3 
C5 2 /IN 2 

Cta 
C2 2 

C3 2 ,CHCLK 



DET 2 /INi 



CFGo 
CFG,/RST 



TTo 



Devii 



Li 



ill 



R | R [ "R" field = Revision Level 



Design Level ROM 



To Time Slot Control 



N c 



Figure 1 1 . SLIC I/O Architecture 
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CONFIGURATION INPUTS 

A method of identifying the configuration of the line cir- 
cuit in which the DSLAC device is used is provided by 
strapping configuration inputs CFG and CFGi/RST. 
There are six possible configuration states which can be 
set via these two inputs. This data is sent upstream over 
the Monitor channel using command #8. The CFGo and 
CFG,/RST inputs are decoded in the following table. A 
possible circuit for the CFGi/RST pin is shown in 
Figure 12. 




SYSTEM RESET 

vw 



to CFG,/RST 



GND or-5V 

Figure 12. Circuit Schematic for the CFG,, RST Input 



TIME SLOT ASSIGNMENT INPUTS 

In the time slot control block (shown in Figure 13), the 
Frame Sync (FSC) pulse identifies the beginning of a 
Transmit frame and all IOM 2 time slots are referenced 
to it. The time slot number is read from the external time 
slot identification pins, Sz-So. The table below showsthe 
decoding on the time slot assignment inputs. 



S 2 


s, 


So 


Time Slot Number 


Byte number 














0-^3 








1 


1 


4-7 





1 





2 


8-11 





1 


1 


3 


12-15 


1 








4 


16-19 


1 





1 


5 


20-23 


1 


1 





6 


24-27 


1 


1 


1 


7 


28-31 



The time slot number information is sent to the Transmit 
multiplexer where the code is shifted out during the 
appropriate time slot. From one to eight IOM 2 time slots 
per frame are allowed. The bit rate must be at least 256K 
times the number of IOM 2 time slots to be compatible 
with the number of time slots used. For example, since 
the DCL clock is twice the bit rate, DCL is at least 
512 kHz for one time slot and 4.096 MHz for the full eight 
time slots. 

The DSLAC device is capable of operation at a bit rate 
up to 4096 kb/s (DCL = 8. 192 MHz). If the clock fre- 
quency exceeds the minimum for the given number of 
time slots on the IOM 2 line, there will be some time slots 
or surplus bits at the end of each frame which are ig- 
nored. 

The receive side uses the same time slot control block 
information to de-multiplex the incoming IOM 2 data 
stream and load each byte into the input register. The 
input register feeds these bytes into the A-/u.-law ex- 
pander for further signal processing. 



From A-/|i-Law 
Compressor 



Output 
Register 



Transmit 
MUX 



->• DU 



So 

s, 
s 2 

FSC 



To A-/n-Law 
Expander 



Time Slot Control 



Input 
Register 



Receive 
DE-MUX 



DCL 



DD 



Figure 13. Time Slot Control and IOM 2 Interface 
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OPERATING RANGES 

Analog Supply Vcca +5.0 V +5% 

Digital Supply Vcc +5.0 V +5% 

Analog Supply V ee ,,Vee2 -5.0 V +5% 

DGND V 

AGND DGND ±50 mV 

Ambient Temperature 0°C < Ta < +70°C 

Ambient Relative Humidity 15% to 85% 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 



ABSOLUTE MAXIMUM RATINGS 

Storage Temperature -60°C<T A <+125°C 

Ambient Temperature, 

under Bias -40°C<Ta<85°C 

Ambient Relative Humidity 

(non-condensing) 5 to 1 00% 

Vcoa with respect to AGND -0.4 V to +7.0 V 

Vcc with respect to DGND -0.4 V to +7.0 V 

Vee, with respect to AGND +0.4 V to -7.0 V 

V E E2 with respect to AGND +0.4 V to -7.0 V 

Vin with respect to 

Vcca (Vee = -5 V) +0.4 V to -1 0.0 V 

Vin With respect to Vee 

(Vcca = +5V) -0.4Vto+10.0V 

Any other pin with respect to DGND . . . -0.4 V to Vcc 

Stresses above those listed under Absolute Maximum 
Ratings may cause permanent device failure. Function- 
ality at or above these limits is not implied. Exposure to 
Absolute Maximum Ratings for extended periods may 
affect device reliability. 
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DISTINCTIVE CHARACTERISTICS 









Preliminary 




Symbol 


Parameter 


Min 


Typ 


Max 


Units 




Input Low Voltage 


-0.5 




0.8 


V 


V,„ 


Input High Voltage 


2.0 




Voo 


V 


l,L 


Input Leakage Current 






±10 


uA 


Vol 


Output Low Voltage (Iol=-2 mA) 






0.4 


V 


Voh 


Output High Voltage (Ioh= 400 uA) 


2.4 






V 


Iol 


Output Leakage Current (Hi-Z state) 






±10 


uA 


V,R 


Analog Input Voltage Range (AX = dB) 
(AX =6.02 dB) 






±3.24 
±1.62 


V 
V 


V,os 


Offset Voltage allowed on V N 






±160 


mV 


k (V,n) 


Input Leakage Current on Vw 






±10 


uA 


ZoUT 


Vout Output Impedance 




1 


10 


ohms 


loUT 


Vout Output Current (f < 3400 Hz) (Note 1) 






±6.3 


mA 


V R 


Vout Voltage Range (AR = dB) 
(AR = 6.02 dB) 






±3.24 
± 1 .62 


V 
V 


Voos 


Vout Offset Voltage (AISN off) 






±40 


mV 


VoOSA 


Vout Offset Voltage (AISN on) 






±80 


mV 


LIN*, SN 


Linearity of AISN Circuitry (lnput = dBmO) 






±1/4 


LSB 




3 D 


Power Dissipation (Note 2) Both Channels Active 
(MCLK, PCLK = 2.048 MHz) 1 Channel Active 

Both Channels Inactive (Note 3) 




180 
120 
10 


240 
160 
19 


mW 
mW 
mW 




3 D 


Power Dissipation (Note 2) Both Channels Active 
(MCLK, PCLK> 2.048 MHz) 1 Channel Active 

Both Channels Inactive (Note 3) 




190 
130 
10 


270 
175 
19 


mW 
mW 
mW 




oo 


Total +5-V Current Both Channels Active 
(Note 2) 1 Channel Active 

Both Channels Inactive (Note 3) 




24.0 
18.0 
2.5 




mA 
mA 
mA 




EE 


Total — 5-V Current Both Channels Active 
(Note 2) 1 Channel Active 

Both Channels Inactive (Note 3) 




10.0 
5.0 
0.05 




III 


C, 


Input Capacitance (Digital) 




15 




PF 


Co 


Output Capacitance (Digital) 




15 




PF 


Cdu 


Output Load Capacitance (DU pin only) 






150 


PF 



Notes: 1 . When the DSLAC device is in the Power Down mode, the analog output will present a 0-V output level through a - 3K resistor. 

2. Vouti and Vout2 have no load. 

3. Power Dissipation in the inactive mode is measured with all digital inputs at V,t,= Voo and V»= Vss and with no load connected to 

Vouti or VouT2. 
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SWITCHING CHARACTERISTICS 

Vcc = 5 V ± 5%, AGND = DGND = V, Vee = -5 V ± 5%. Cdu = 1 50 pF (Note 2) 

IOM 2 Interface 



Symbc 


I 


Signal 


Parameter 


Preliminary 


Units 


Min 


Tun 
I yp 


Max 


t„tf 




DCL' 


Rise/Fall Time (Note 1 ) 






60 


ns 


tDOL 




DCL 


Period 


110 






ns 


twH, twL 




DCL 


Pulse Width 


53 






ns 


t„t, 




FSC 


Rise/Fall Time 






60 


ns 


w 




FSC 


Setup Time 


70 






ns 


thF 




FSC 


Hold Time 


50 






ns 


twFH 




FSC 


High Pulse Width 


130 






ns 


tdDC 




DU 2 


Delay from DCL edge 






100 


ns 


tdDF 




DU 


Delay from FSC edge 






150 


ns 


Uo 




DD 


Data Setup 


twH + 20 






ns 


u 




DD 


Hold Setup 


50 






ns 



MCLK, for 2.048 MHz + 100 ppm or 4.096 MHz + 10< 



Symbol 


Signal 


Parameter 


Preliminary 


Units 


Min 


Typ 


Max 


tMCR, tfclCF 


MCLK 


Rise/Fall Time 






10 


ns 


tMCV 




MCLK 


Period, 2.048 MHz 
Peroid, 4.096 MHz 


488.23 
244.11 


488.28 
244.14 


488.33 
244.17 


ns 
ns 


tMCH, tMC 


- 


MCLK 


High/Low Pulse Width 


80 






ns 



Notes: 1. ThG IOM 2 clock may be stopped in the High or Low state without loss of information. 

2. The drive capacity of the IOM 2 Interface allows eight DSLAC devices per linecard (16 subscriber lines) without using external 
buffers. 
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IOM 2 Switching Characteristics 



Detail A 



> 



twH 



— 9y tdDF 

tdDC ^ 




J 


r 




1 




r 






' X 


BitO 


=>C r- 


Bit 1 


X 




L 




j 







DCL 
FSC 

DD, DU 




thD 



Detail A 



DCL 



FSC 



DU 




DD 
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DSLAC EXTENDED 
TEMPERATURE SUPPLEMENT 

The DSLAC device has been characterized over the 
-40°C to +85°C temperature range to establish its suit- 
ability for applications such as Remote Concentrators, 
Digital Loop Carriers, and other applications that may 
be subjected to temperature extremes. All versions 
of the DSLAC device are fully functional over this ex- 
tended temperature range and are recommended for 
such applications. 

Characterization indicates that certain parameters of a 
small percentage of DSLAC devices tested for opera- 
tion between 0°C and 70°C may vary beyond data sheet 



limits in the extended temperature ranges. This docu- 
ment identifies those parameters and their expected 
limits in the temperature ranges beyond 0°Cto70°C. 

The specifications in this supplement have been deter- 
mined through characterization to apply to AMD's stan- 
dard commercial grade product. If specifications over 
the -4CPC to +85° C range or another extended tem- 
perature range must be guaranteed and tested at the 
temperature extremes, the customer is asked to contact 
an AMD representative for more information. 



DSLAC Family Extended Temperature Information 



DSLAC Electrical 




Commercial 


Extended 






Specification 


Specification 


Unit 


Specifications 




0°C to +70°C 


-40°C to +85°C 




Absolute Gain (See Note) 




+/- 0.2 


+/- 0.35 


dB 


Receiver Gain Tracking (Noise) 


-1 dBmO to -40 dBmO 


+/- 0.25 


+/- 0.4 


dB 


Receiver Gain Tracking (Noise) 


-40 dBmO to -50 dBmO 


+/- 0.35 


+/- 0.55 


dB 


Receiver Gain Tracking (Noise) 


-50 dBmO to -55 dBmO 


+/- 0.45 


+/- 0.55 


dB 


Transmitter Gain Tracking (Noise) 


-10dBm0 to -40 dBmO 


+/- 0.25 


+/- 0.3 


dB 


Transmitter Gain Tracking (Noise) 


-40 dBmO to -50 dBmO 


+/- 0.35 


+/- 0.4 


dB 


Receiver Signal/Distortion (Noise) 


-27 dBmO 


36 


35 


dB 


Receiver Signal/Distortion (Noise) 


-34 dBmO 


34.3 


33.3 


dB 



Note: Absolute Gain stability is specified as +/- 0.2 dB at 25°C, but +/- 0.25 dB over the commercial temperature range 
(0°C to +70°C). This should be relaxed to +/- 0.35 dB over the extended temperature range (-40°C to +85°C). 
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INTRODUCTION TO ISDN PRODUCTS 

The Am79C30A DSC device combines an SAT-interface transceiver, a D-channel data link controller, and an audio 
codec/filter into a single low-power CMOS device. It is the most highly integrated ISDN terminal device currently avail- 
able that provides voice and data capability on a single chip. 

The Am79C30A is the world's first ISDN terminal circuit that can be used to build ISDN telephones and terminals that 
conform to CCITT power specifications. This circuit, combined with EPROM, SRAM, a microcontroller, and a power 
controller, are all that is needed for a basic CCITT power-compliant telephone or terminal. 

The Digital Subscriber Controller™ circuit interfaces directly to a telephone handset and drives the four-wire S/T Inter- 
face. The data-link controller supports the LAPD protocol defined forthe 1 6 kb/s D Channel, and allows full compliance 
to the CCITT's recommendations for ISDN. 

• 

The Am79C30A supports both the active and low-power restricted conditions specified by the CCITT, and will allow 
incoming and outgoing calls to be made (including ringing) with only 380 mW available for the complete system. 

FIFOs of 32 bytes for receive and 16 bytes for transmit further reduce the power requirements of the DSC circuit 
by allowing it to be used in conjunction with low-power, low-performance microprocessors. Clock frequencies auto- 
matically increase whenever the Fl FO threshold is reached or when a new packet is received while a previous packet 
is still in the Fl FO. This allows the microprocessor to run with a very slow clock when no D-channel activity is present. 

Data may be transmitted on the D Channel (using LAPD) and/or either B Channel. Access to the B Channel is provided 
via the microprocessor port or a serial port. The serial port will interface directly to the Data Protocol Controller to pro- 
vide packet handling for B-channel data. The circuit also supports the industry standard IOM-2 interchip interface in its 
peripheral port for simplified design with other ISDN circuits. 

The Am79C30A is a highly programmable device; the audio processor has programmable filters allowing the designer 
to compensate for the characteristics of low-cost telephone handsets. A programmable second tone ringer provides 
increased volume levels and features such as incoming call alert while a voice conversation is in progress. Program- 
mable gain on the microphone amplifier is provided at the analog input adjustable in 6-dB increments from dB to 
+24 dB, eliminating the need for an external amplifier with electret microphones. Mute capability is also available al- 
lowing the microphone path to be enabled and disabled. The DSC device allows the EAR and Loud Speaker (LS) 
outputs to be simultaneously enabled, allowing the use of an external speakertogether with a conventional handset for 
loud hearing applications. A digital loopback mode is available internally connecting the EAR output to the analog 
input, extending the user test capabilities. 
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DISTINCTIVE CHARACTERISTICS 

■ Combines CCITT 1.430 S/T-lnterface Trans- 
ceiver, D-Channel LAPD Processor, Audio 
Processor (DSC device only), and IOM 2 
Interface in a single chip 

■ Special operating modes allow realization 
of CCITT 1.430 power-compliant terminal 
equipment 

■ S- or T-lnterface Transceiver 

— Level 1 Physical Layer Controller 

— Supports point-to-point, short and extended 

passive bus configurations 
— Provides multiframe support 



Certified protocol software support available 
CMOS technology, TTL compatible 
D-channel processing capability 

—Flag generation/detection 

— CRC generation/checking 

—Zero insertion/deletion 

—Four 2-byte address detectors 

— 32-byte receive and 16-byte transmit FIFOs 
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DISTINCTIVE CHARACTERISTICS (continued) 
■ Audio processing capability (DSC circuit only) 

— Dual audio inputs 

— Earpiece and loudspeaker drivers 

— Codec/filter with fiJ\i selection 1 

— Programmable gain and equalization filters , 

— Programmable sidetone level 



— Programmable DTMF, single tone, progress 

tone, and ringer tone generation 
— Programmable on-chip microphone amplifier 

Pin and software compatible with the 
Am79C32A ISDN Data Controller (IDC™) 
Circuit. The Am79C32A is used in data-only 
applications 



GENERAL DESCRIPTION 

The Am79C30A Digital Subscriber Controller (DSC) 
Circuit and Am79C32A ISDN Data Controller (IDC) Cir- 
cuit, shown in the Block Diagram, allowthe realization of 
highly-integrated Terminal Equipment forthe ISDN. The 
Am79C30A/32A is fully compatible with the CCITT- 
l-series recommendations for the S and T reference 
points, ensuring that the user of the device may design 
TEs which conform to the international standards. 

The Am79C30A/32A provides a 192-kb/s full duplex 
digital path over four wires between the TE located on 
the subscriber's premises and the NT or PABX linecard . 
All physical Layer functions and procedures are imple- 
mented in accordance with CCITT Recommendation 
I.430, including framing, synchronization, maintenance, 
and multiple terminal contention. Both point-to-point 
and point-to-multipoint configurations are supported. 

The Am79C30A/32A processes the ISDN basic rate bit 
stream, which consists of B1 (64 kb/s), B2 (64 kb/s), and 
D (16 kb/s) Channels. The B Channels are routed to 
and from different sections of the Am79C30A/32A 
under software control. The D Channel is partially 



processed by the DSC/IDC circuit and is passed to the 
microprocessor for further processing. 

The Main Audio Processor (MAP) uses Digital Signal 
Processing (DSP) to implement a high performance 
codec/filter function. The MAP interface supports a 
loudspeaker, an earpiece, and two separate audio in- 
puts. Programmable on-chip gain is provided to simplify 
use of low output level microphones. The user may alter 
frequency response and gain of the MAP receive and 
transmit paths. Tone generators are included to imple- 
ment ringing, call progress, and DTMF signals. 

A Peripheral Port (PP) is provided to allow the B Chan- 
nels to be routed off-chip for processing by other 
peripherals. This port is configurable as either an indus- 
try-standard IOM 2 port, or as a serial bus port (SBP). 

The TE design process is simplified by the availability of 
certified protocol software packages, which provide 
complete system solutions through OSI Layer 3. 
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CONNECTION DIAGRAMS 
Top View 
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CONNECTION DIAGRAMS (continued) 
Top View 
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ORDERING INFORMATION 
Standard Products 

AMD® standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 



Am79C30A/32A 



OPTIONAL PROCESSING 

Blank = Standard Processing 

TEMPERATURE RANGE 

C = Commercial (0°C to +70°C) 

PACKAGE TYPE 

J = 44-pin Plastic Leaded Chip Carrier (PL 044) 
P = 40-pin Plastic DIP (PD 040) 



SPEED OPTION 

Not Applicable 



DEVICE NAME/DESCRIPTION 

Am79C30A/32A 

Digital Subscriber Controller (DSC) device 
ISDN Data Controller (IDC) device 



Valid Combinations 


AM79C30A 


PC, JC 


AM79C32A 


, PC, JC 



Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local 
AMD sales office to confirm availability of specific 
valid combinations, to check on newly released 
combinations, and to obtain additional data on the 
AMD standard military grade products. 
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PIN DESCRIPTION* 
Line Interface Unit (LIU) 

HSW 

Hook-Switch (Input) 

The HSW signal indicates if the hook-switch is on or off 
hook. This signal may be generated with a mechanical 
switch wired to ground with a pull-up resistorto Vcc Any 
change in the HSW state causes an interrupt. 

LIN1.LIN2 

Subscriber Line Input (Differential Inputs) 

The LIN1 and LIN2 inputs interface to the subscriber 
(S reference point) via an isolation transformer. LIN2 
is the positive input; LIN1 is the negative input. These 
pins are not TTL compatible. 

L0UT1 , LOUT2 

Subscriber Line Output (Differential Outputs) 

The LOUT1 and LOUT2 line driver output signals inter- 
face to the subscriber line at the S reference point via 
an isolation transformer and resistors. LOUT2 is the 
positive S-interface driver (sources current during 
a High mark), and LOUT1 is the negative S-interface 
driver (sources current during Low mark). For multi- 
point applications, all TEs must maintain the same 
polarity on the S Interface. These pins are not TTL 
compatible. 

Main Audio Processor (MAP) 

All MAP pins are analog, and therefore are not TTL 
compatible. 

AINA, AINB 
Analog (Inputs) 

These analog inputs allow for two separate analog 
(audio) inputs to the transmit path of the codec/filter. 
Input signals on either of these pins must be referenced 
to AREF. 

AREF 

Analog Reference (Output) 

This is a nominal 2.4-V reference voltage output for 
biasing the analog inputs. When the MAP is disabled, 
this pin is high-impedance. 

CAP1 , CAP2 

Capacitor/Resistor (CAP1 , Input; CAP2, Output) 

An external resistor and capacitor are connected in 
series between these pins. These components are 
needed for the integrator in the Analog-to-Digital 
Converter (ADC). 



* All signal levels are TTL compatible unless otherwise stated. 



EAR1, EAR2 

Earpiece Interface (Differential Outputs) 

EAR1 and EAR2 are the outputs from the receive path 
of the codec/filter. These differential outputs can directly 
drive a minimum load of 540 ohms. 

LS1.LS2 

Loudspeaker Interface (Differential Outputs) 

LS1 and LS2 are push-pull outputs which can directly 
drive a minimum load of 40 ohms. 

Microprocessor Interface (MPI) 

A2-A0 

Address Line (Inputs) 

A2, A1 , and AO signals select source and destination 
registers for read and write operations on the data bus. 

CS 

Chip Select (Input) 

CS must be Low to read or write to the Am79C30A/32A. 
Data transfer occurs over the bidirectional data lines 
(D7-D0). 

D7-D0 

Data Bus (Bidirectional with High Impedance State) 

The eight bidirectional data bus lines are used to 
exchange information with the microprocessor. DO is 
the least significant bit (LSB) and D7 is the most signifi- 
cant bit (MSB). A High on the data bus line corresponds 
to a logic 1 , and Low corresponds to a logic 0. These 
lines act as inputs when both WR and CS are active and 
as outputs when both RDand CS are active. When CS is 
inactive or both RD and WRare inactive, the D7-D0 pins 
are in a high-impedance state. 

INT 

Interrupt (Output) 

An active Low output on the INT pin informs the external 
microprocessor that the Am79C30A/32A needs i nter- 
rupt service. INT is updated once every 1 25 us. The INT 
pin remains active until the Interrupt Register (IR) is 
read or the Am79C30A/32A is reset. 

RESET 
Reset (Input) 

Reset is an active High signal which causes the 
Am79C30A/32A to immediately terminate its present 
activity and initialize to the reset condition. When reset 
returns Low, the Am79C30A/32A enters the Idle Mode. 
The MCLK output remains active while RESET is held 
High. 
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RD 

Read (Input) 



The active Low read signal is conditioned by CS and 
indicates that internal information is to be transferred 
onto the data bus. A number of internal registers are 
user accessible. The contents of the accessed register 
are transferred onto the data bus after the High to Low 
transition of the RD input. 



WR 



Write (Input) 

The active Low write signal is conditioned by CS and 
indicates that external information on the data bus is to 
be transferred to an internal register. The contents of the 
data bus are loaded on the Low to High transition of 
the WR input. 

Oscillator (OSC) 

MCLK 

Master Clock (Output) 

The MCLK output is available for use as the system 
clock for the microprocessor. MCLK is derived from the 
12.288-MHz crystal via a programmable divider in the 
Am79C30A/32A which provides the following MCLK 
output frequencies: 12.288,6.144, 4.096, 3.072, 1.536, 
0.768, and 0.384 MHz. 

XTAL1, XTAL2 

External Crystal (Output, Input) 

XTAL1 and XTAL2 are connected to an external parallel 
resonant crystal for the on-chip oscillator. XTAL2 can 
also be connected to an external source instead of a 
crystal, in which case XTAL1 should be left discon- 
nected. The frequency must be 1 2.288 MHz, ± 80 ppm. 

Peripheral Port (PP) 

SBIN 

Serial Data (Input/Output) 

When the Peripheral Port is programmed to SBP Mode, 
SBIN operates as an input for serial data. When the 
Peripheral Port is programmed to IOM 2 Mode, SBIN 
functions as the data input except in the special case of 
IOM 2 Slave Mode, when it becomes an open-drain 
output during sub-frame or when deactivated. 

SBOUT 

Serial Data (Input/Output) 

When the Peripheral Port is programmed to SBP Mode, 
SBOUT operates as an output for serial data. When the 
Peripheral Port is programmed to IOM 2 Mode, SBOUT 



functions as the data output except in the special case 
of IOM 2 Slave Mode when it becomes an input during 
sub-frame 0. 

SCLK 

Serial Data Clock (Input/Output) 

When the PP is programmed to SBP Mode, SCLK out- 
puts a 1 92-kHz data clock, which may be inverted under 
software control. When the PP is programmed to IOM 2 
Master Mode, SCLK outputs a 1.536-MHz 2X data 
clock. In IOM 2 Slave Mode, SCLK functions as the 
clock input. The SCLK pin defaults to a high-impedance 
state upon reset, but becomes active after any MUX 
connection is made or if the PP is programmed to IOM 2 
Master Mode. 

SFS 

Serial Frame Sync (Input/Output) 

In SBP Mode, SFS outputs an 8-kHz frame synchroni- 
zation signal. SFS is an output in IOM 2 Master Mode, 
and an input in IOM 2 Slave Mode. As an output, SFS is 
active for 8-bit periods. The SFS pin defaults to a high- 
impedance state upon reset, but becomes active after 
any MUX connection is made or if the PP is programmed 
to IOM 2 Master Mode. For SBP Mode, the active signal 
state is Low during Idle and 8 kHz in Active Data Only 
and Active Voice and Data Modes. 

BCL/CH2STRB 

Bit Clock/SBP Channel 2 Strobe 

(Output, Three-state) (present only in PLCC package) 

In SBP Mode, this pin provides a strobe during the 8-bit 
times of the second 64-kb/s data channel. In IOM 2 
Master Mode, this pin provides a 768-kHz bit clock to 
aid in the connection of non-IOM 2 devices to the port. 
In IOM 2 Slave Mode, this pin is high-impedance. 

Power Supply Pins 

PLCC Packages 

AVcc +5-V analog power supply, +5% (PLCC only) 

AVss Analog ground (PLCC only) 

DVss Digital ground (PLCC only) 

DVcc +5-V digital power supply, +5% (PLCC only) 

DIP Packages 

Vcc +5-V power supply, +5% (DIP only) 
Vss Ground (DIP only) 

Note: For best performance, decoupling capacitors should be 
installed between Vcc and Vss as close to the chip as possible. 
Do not use separate supplies for analog and digital power and 
ground connections. 
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OPERATIONAL DESCRIPTION 

Overview of Power Modes 

The minimization of power consumption is a key factor 
in the design of Terminal Equipment for the ISDN, and 
the DSC/IDC circuit employs two basic approaches to 
power management: 

1 . The power consumption of the DSC/IDC circuit itself 
is managed by using four basic power modes which 
allow unused functional blocks to be disabled. The 
INIT register may be programmed to select Active 
Voice and Data, Active Data Only, Idle, or Power- 
Down Mode, depending upon which DSC/IDC 
device resources are required at the time. 

2. The power consumption of the controlling micro- 
processor system may be controlled by driving the 
processor clock with the DSC/IDC circuit MCLK out- 
put. A wide range of MCLK operating frequencies 
may be selected, and a special Clock Speed-up 
function is provided which increases the speed of 
MCLK upon the occurrence of a key event, without 
processor intervention. Control of MCLK frequency 
and Clock Speed-up is accomplished by program- 
ming the INITand INIT2 registers, as described later. 

Active Voice and Data Mode 

In Active Voice and Data Mode all functional blocks of 
the DSC/IDC circuit are available. Device registers may 
be accessed through the MPI, the LIU and DLC are 
available, the OSC is running, the Peripheral Port is 
available, MUX connections may be made, the Secon- 
dary Tone Ringer may be activated, and the MAP is 
operational (DSC circuit only). 

Active Data Only Mode 

Active Data Only Mode is similar to Active Voice and 
Data Mode, except that the MAP (DSC circuit only) is 
disabled to reduce system power consumption. This in- 
creases the amount of power available for the Secon- 
dary Tone Ringer or microprocessor system during the 
phases of call setup and teardown, or during a data-only 
telephone call. 

Idle Mode 

Idle Mode is the RESET default mode of DSC/IDC 
circuit operation, and represents an operational state in 
which power consumption is reduced, yet the micro- 
processor system is operational to program DSC/IDC 
circuit registers or perform other required background 
tasks. Idle Mode may also be entered by appropriate 
programming of the INIT register. 

In Idle Mode, the MCLK output is available to drive the 
microprocessor system, the MPI is available for pro- 
gramming of DSC/IDC registers, and the LIU is avail- 
able to initiate or respond to S/T interface activity. The 
HSW hookswitch interrupt is also available in Idle Mode. 



Idle Mode reduces DSC/IDC circuit power consumption 
by disabling the MUX, DLC, and MAP functional blocks. 
The Peripheral Port is also disabled, except that an 
IOM 2 activation request interrupt is possible, and the 
SFS and SCLK outputs may still be activated. The SFS 
and SCLK outputs are high-impedance upon RESET, 
but become active after any MUX connection is pro- 
grammed. The DLC read-only registers are cleared 
when the DSC/IDC circuit enters the Idle Mode. 

Power-Down Mode 

Power-Down Mode consumes the least power of all the 
DSC/IDC power options, and differs from Idle Mode 
in that all clocks, including the XTAL oscillator, are 
stopped. Most functional blocks are disabled, except 
for those required to recognize key external events that 
will force the DSC/IDC circuit to return to Idle Mode. 

The Power-Down Mode is not available unless the 
Power-Down Enable bit is set in the INIT2 register; see 
the INIT2 register description for further details. 

Entering the Power-Down Mode 

The Power-Down Mode is entered by appropriate pro- 
gramming of the INIT and INIT2 registers. Selection of 
the Power-Down Mode causes the DSC/IDC 
circuit to begin an internal countdown of at least 250 
MCLK cycles after which the MCLK and XTAL1 outputs 
are both stopped and held High, and the XTAL2 
input will be disregarded. The purpose of this count- 
down cycle is to allow the microprocessor time for 
housekeeping operations bef ore its clock is stopped. If 
an interrupt causes the DSC INT pin to go Low during 
the countdown, the Power-Down Mode bits in the INIT 
register will be reset and the countdown will be 
canceled. 

If the LIU is enabled and in any state other than F3 at the 
end of the countdown, MCLK is stopped but the oscilla- 
tor continues to run. This allows the LIU to identify the 
incoming signal and either (1 ) generate an interrupt and 
force the DSC/IDC circuit to Idle Mode when activation 
is complete, or (2) move to the F3 state and stop the 
oscillator once the line goes idle. 

Exiting the Power-Down Mode 

The DSC/I DC circuit will exit the Power-Down Mode and 
enter the Idle Mode if any of the following events occur: 

■ The DSC/IDC circuit receives a hardware reset via 
the RESET pin. 

■ The CS and WR pins are both pulled Low at the same 
time, as would occur during a normal write operation 
from the microprocessor to the DSC circuit. No data 
will be transferred by this operation. 

■ The HSW hookswitch pin changes state, and the 
hookswitch interrupt is enabled. 
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■ The LIU receiver is enabled, detects an incoming sig- 
nal on the S/T Interface, and achieves activation as 
indicated by a transition to state F7. Both the INT pin 
and the F7 transition interrupt must be enabled for 
Power-Down Mode to be exited. If the LIU is enabled, 
it may restart the oscillator so that it can identify the 
activity on the interface. If the activity is determined to 
be noise, the LIU will stop the oscillator and continue 
to monitor the line without an interrupt or returning 
to Idle Mode. 

■ The IOM 2 Interface is enabled as a clock master 
and the SBIN input pin goes Low. This indicates that 
a slave device wants to activate the IOM 2 Interf ace 
and communicate with the DSC circuit. Both the INT 
pin and the IOM 2 timing request interrupts must be 
enabled for Power-Down Mode to be exited. 

■ The IOM 2 Interface is enabled as a clock slave and 
the SCLK input pin goes High. This indicates that 
the master device is activating the IOM 2 Interface 
and the DSC circui t mu st wake up in order to monitor 
the data. Both the INT pin and the IOM 2 timing re- 
quest interrupts must be enabled for Power-Down 
Mode to be exited. 

If the DSC/IDC circuit is awakened by any condition 
other than RESET, the MCLK output will be restored to 
its previously programmed frequency, and will not gen- 
erate any shortened or spurious output cycles. If the 
DSC/IDC circuit is revived by RESET, MCLK will default 
to its normal 6.1 44-MHz rate. The DSC/IDC circuit pro- 
vides a minimum of two MCLK cycles prior to activating 
the interrupt pin when exiting Power-Down Mode. 

MCLK Frequency Control 

The MCLK frequency selection bits in the INIT register 
are unchanged from Revision D. However, additional 
MCLK frequencies are available by programming bits in 
the INIT2 register. No shortened or spurious clock 
pulses that might disrupt the external microprocessor 
will result when the MCLK frequency is changed. 

In order to reduce the probability of errant software dis- 
rupting system operation, the INIT2 register requires 
two consecutive writes before the value will be entered 
into the register. Note that there will be no MCLK count- 
down as is the case for entering Power-Down Mode if 
INIT2 is programmed to cause MCLK to STOP, and 
there will be no shortened or spurious MCLK pulses. 



MCLK Clock Speed-up Function 

A programmable automatic MCLK speed-up option is 
provided that will force a hardware reset of INIT2 Bits 
3-0, which will cause the MCLK frequency to be re- 



stored to the value programmed in the INIT register. 
There are two events that will trigger the clock speed-up 
function: 

1 . The DLC receive FIFO threshold has been reached; 
or, 

2. a second packet begins to be received while data 
from a prior packet is still in the receive FIFO. 

The second packet case requires provision of an inter- 
rupt; see the DLC register section for further informa- 
tion. The clock speed-up function allows the user to 
program a very slow MCLK frequency using INIT2 when 
D-channel activity is minimal. If a burst of activity is seen 
on the D Channel which exceeds the programmed 
threshold of the receive FIFO orthreatensto overrun the 
receive FIFO status buffers, MCLK will instantly toggle 
back to the higher frequency programmed in the INIT 
register. This eliminates the latency incurred if an inter- 
rupt has to be serviced to change the clock speed, and 
allows the overall system power to be reduced during 
typical voice connections. Note that automatic clock 
speed-up will not function unless at least one of the 
associated interrupts are enabled so the processor can 
be informed that the clock speed has been altered. 

Global Register Functions 

INIT Register (INIT) default = 00H ; Address = Indirect 
21 Hex, Read/Write 



Bit 

7 6 543210 



Function 



XXXXXX0 
XXXXXXO 1 
X X X X X X 1 
XXXXXX1 1 
XXXXXOXX 
XXXXX1 XX 
XX000XXX 
XX001 XXX 
XX01 OXXX 
XXO 1 1 XXX 
XX 1 00XXX 
XX1 01 XXX 
X X 1 1 OXXX 
X X 1 1 1 XXX 
XOXXXXXX 
X1 XXXXXX 

oxxxxxxx 
1 xxxxxxx 



Idle Mode 

Active Voice and Data Mode 
Active Data Only Mode 
Power-Down Mode 

INT output enabled 
IRT output disabled 

MCLK frequency = 6.1 44 MHz 
MCLK frequency = 12.288 MHz 
MCLK frequency = 3.072 MHz 
MCLK frequency = 6. 1 44 MHz 
MCLK frequency = 4.096 MHz 
MCLK frequency = 6.144 MHz 
MCLK frequency = 6.144 MHz 
MCLK frequency = 6.144 MHz 
DLC receiver abort disabled 
DLC receiver abort enabled 
DLC transmitter abort disabled 
DLC transmitter abort enabled 
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INIT2 Register (INIT2) default = OOH; 
Address = Indirect 20 Hex, Read/Write 

A special write procedure must be followed in order to 
modify the contents of the INIT2 Register, since the 
INIT2 register includes control bits which could result in 
the stopping of the microprocessor clock. This proce- 
dure greatly reduces the probability of errant software 
disabling the system, and is described as follows: 

1 . Write the INIT2 address to the Command Register. 

2. Write to the Data Register (INIT2 is not yet updated). 

3. Write the INIT2 address to the Command Register. 

4. Write to the Data Register (INIT2 is updated). 

The writes must take place without any intervening indi- 
rect accesses to the DSC/IDC circuit. 



Pin Name 



State following RESET 



Bit 

76 54 3 21 



Function 



001 X 



00XXXXXX Reserved, must be written to 
READ'S are undefined 

000XXXXX Power-Down disabled; writing 1 1 

to the INIT register will put the DSC/IDC 
circuit into Idle Mode 

X X X X Power-Down enabled; writing 1 1 

to the INIT register will put the DSC/IDC 
circuit into Power-Down Mode 

00X0XXXX Multrframe Interrupt Filter disabled 

X 1 X X X X Multrframe Interrupt Filter enabled (see 
LIU section for detailed description) 

00XX0XXX Clock speed-up option disabled 

00XX1 XXX Clock speed-up option enabled; if set, this 
register bit will be cleared when the DLC 
FIFO receive threshold or second packet 
received interrupt is triggered 

X X MCLK frequency determined by INIT 
register 

X 1 MCLK frequency is 1 .536 MHz 

X X X 1 MCLK frequency is 768 kHz 

X X X 1 1 MCLK frequency is 384 kHz 

X X X 1 MCLK stopped in High state 

0XXX10 1 Reserved 

X X X 1 1 Reserved 

X X X 1 1 1 Reserved 



OOXX 



RESET Operation 

The Am79C30A/32A can be reset by driving the RESET 
pin High. When power is first supplied to the DSC/IDC 
circuit, a reset must be performed. This initializes the 
DSC/IDC circuit to its default condition as defined in the 
following table. 



D7-D0 


High Impedance 


MCLK 


6.144 MHz 


INT 


Logical 1 


SBOUT 


High Impedance 


SFS 


High Impedance 


SCLK 


High Impedance 


LS1, LS2 


High Impedance 


EAR1 


High Impedance 


EAR2 


High Impedance 


AREF 


High Impedance 


LOUT1 


High Impedance 


LOUT2 


High Impedance 



Receive and Transmit Abort Commands 

The microprocessor has the option via INIT register bits 
6 and 7 to abort the receive and transmit D-channel 
packets. When the microprocessor sets one of these 
bits, the Am79C30A/32A aborts the respective opera- 
tion. The frame abort sequence is defined in greater 
detail later. (See Data Link Controller section.) 

Interrupt Handling 

The Am79C30A/32A generates either no interrup t or 
only one interrupt every 125 us. Once asserted, INT 
remains active until the microprocessor responds by 
interrogating the Am79C30A/32A's Interrupt Register 
(IR) (see Table 1 ). Reading theJR in response to an acti- 
vated INT pin deactivates the INT pin, and clears the IR. 

If an event causing an interrupt occurs while the IR is 
being read by the microprocessor, the effect of the 
event is held until the microprocessor has completed 
its read cycle. A reset clears all conditions causing 
interrupts. 

Bits 0,1 , and 4 of the IR, if set, advise the microproces- 
sor that the respective buffer is ready for reading or 
writing. If Bit is set due to an empty buffer, the 
D-Channel Transmit Buffer must be serviced within 
375 us. If Bit1 is set and the D-Channel Receive Buffer 
is full, the buffer must be serviced within 425 us. This is 
to prevent erroneous data transfers causing transmitter 
underrun and receiver overrun errors. If Bit 4 is set then 
the Bb or Be buffers must be accessed within 1 22.4 us. 
This is to prevent erroneous data transfers. Only one 
interrupt is used to signal accessibility for both B Chan- 
nels of the S Interface. Since the data transfer must 
occur synchronously to the S Interface, any data access 
to either Bb or Be or both must be made within the 
122.4 us limit. 

Note that even though only a single interrupt is issued, 
either or both S-interface B Channels must be serviced. 
IR bits 2, 3, 5, 6, and 7, if set, indicate that a bit has 
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been set in the associated status or error register. All of 
the interrupts generated by the Am79C30A/32A can be 
individually disabled. In the case of IR Bit 7, the interrupt 
can also be masked by setting PPIER Bit 7 to 0. 

DMR1, DMR2, DMR3, LMR2, MCR4, and MF control 
the mask conditions which affect the INT pin. The INT 
pin is activated only by interrupts which are not disabled. 



The Interrupt Register reflects the status of enabled in- 
terrupts. The INTpin can be disabled by setting INIT reg- 
ister bit 2 to a logical 1 . 

The Am79C30A/32A has facilities that allow the micro- 
processor to read the status registers (status update is 
inhibited during status read) or the IR at any time during 
functional operation. 



Table 1 . Format of the Interrupt Register (IR), Read Only 



Bit 



Interrupt Generated/Action Required 



Interrupt Mask 



4 

5 



D-channel transmit threshold interrupt/load D-Channel Transmit Buffer 

D-channel receive threshold interrupt/read D-Channel Receive Buffer 

D-channel status interrupt/read DSR1 
Source Cause 

DSR1 bit Valid Address (VA) or End of Address (EOA) 

DSR1 bit 1 When a closing flag is received or a receive error occurs 

DSR1 bit 6 When a closing flag is transmitted 

D-channel error interrupt/read DER and DSR2 bit 2 
Source 
DER bit 
DER bit 1 
DER bit 2 
DER bit 3 
DER bit 4 
DER bit 5 
DER bit 6 
DER bit 7 
DSR2 bit 2 



Cause 

Current received packet has been aborted 
Non-integer number of bytes received 
Collision abort detected 
FCS error 
Overflow error 
Underflow error 
Overrun error 
Underrun error 
Receive packet lost 



Bb or Be byte available or buffer empty interrupt/read or write Bb or Be buffers 

LIU status interrupt/read LSR 

Source Cause 

LSR bit 3 Change of state to F3 

LSR bit 4 Change of state from/to F7 

LSR bit 5 Change of state from/to F8 

LSR bit 7 HSW change of state 

D-channel status 
Source 
DSR2 bit 
DSR2 bit 1 
DSR2 bit 3 
DSR2 bit 4 
DSR2 bit 7 

Multiframe or PP 
Source 
MFSB bit 5 
MFSB bit 6 
MFSB bit 7 
PPSR bitO 
PPSR bit 1 
PPSR bit 2 
PPSR bit 3 
PPSR bit 4 
PPSR bit 5 
PPSR bit 6 



interrupt/read DSR2 
Cause 

Last byte of received packet 
Receive byte available 
Last byte transmitted 
Transmit buffer available 
Start of second packet 

interrupt/read MFSB and PPSR 
Cause 

S-data available 
Q-bit buffer empty 

Multiframe change of state (in/out of sync) 
Monitor receive, data available 
Monitor transmit, buffer available 
Monitor EOM received 
Monitor abort received 
C/l channel 0, data change 
C/l channel 1 , data change 
IOM 2 timing request 



DMR1 bit 
DMR1 bit 1 



DMR3 bit 
DMR1 bit 3 
DMR3 bit 1 



DMR2 bit 
DMR2 bit 1 
DMR2 bit 2 
DMR2 bit 3 
DMR2 bit 4 
DMR2 bit 5 
DMR2 bit 6 
DMR2 bit 7 
DMR3bit6 

MCR4 bit 3 



LMR2 bit 3 
LMR2 bit 6 
LMR2 bit 4 
LMR2 bit 5 



DMR3 bit 2 
DMR3 bit 3 
DMR3 bit 4 
DMR3 bit 5 
EFCRbit 1 



MF bit 1 
MFbit2 
MFbit3 
PPIER bit 
PPIER bit 1 
PPIER bit 2 
PPIER bit 3 
PPIER bit 4 
PPIER bit 5 
PPIER bit 6 



ducts 
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FUNCTIONAL DESCRIPTION 

Direct Registers 

Access to the Direct Registers of the Am79C30A/32A is 
controlled by the state of the CS, RD, WR, A2, A1 , and 
AO input pins, as defined below by Table 2. 

Indirect Registers 

To read from or write to any of the Indirect Registers, an 
indirect address command is first written to the Com- 
mand Register (CR). One or more data bytes may then 
be transferred to or from the selected register through 
the Data Register (DR). 

Registers within certain groups can be quickly accessed 
by using internal circuitry which automatically incre- 
ments the indirect value. In Table 3, the "bytes trans- 
ferred numbers" are the number of bytes which are read 
or written to the DR after the CR has been loaded. 
Whenever the CR is loaded, any previous commands 
are automatically terminated. 





Table 2. Direct Register Access Guide 


CS 




WR 


A2 


A1 


AO 


Register(s) Accessed 


Mode 





1 














Command Register (CR) 


W 








1 











Interrupt Register (IR) 


R 


: 


1 











1 


Data Register (DR) 


W 







1 








1 


Data Register (DR) 


R 








1 





1 





D-Channel Status Register 1 (DSR1) 


R 








1 





1 


1 


D-Channel Error Register (DER) (2-byte FIFO) 


R 





1 













D-Channel Transmit Buffer (DCTB) (8- or 16-byte FIFO) 


W 








1 










D-Channel Receive Buffer (DCRB) (8- or32-byte FIFO) 


R 





1 










1 


Bb-Channel Transmit Buffer (BBTB) 


W 








1 







1 


Bb-Channel Receive Buffer (BBRB) 


R 





1 







1 





Bc-Channel Transmit Buffer (BCTB) 


W 








1 




1 





Bc-Channel Receive Buffer (BCRB) 


R 








1 


1 


1 


1 


D-Channel Status Register 2 (DSR2) 


R 


1 


X 


X 


X 


X 


X 


No access (X = logical or 1) 





Note: The RD and WR signals must never both be Low under normal operating conditions. 



Microprocessor Interface (MPI) 

The Am79C30A/32A can be connected to any general 
purpose 8-bit microprocessor via the MPI. The MCLK 
from the Am79C30A/32A can be used as the clock for 
the microprocessor. The MPI is an interrupt driven inter- 
face containing all the circuitry necessary for access to 
the internal programmable registers, status registers, 
coefficient RAM, and transmit/receive buffers. 

MPI External Interface 

The MPI has the following external connections: 



Name 


Direction 


Function 


D7-D0 


Bidirectional 


Data Bus 


A2-A0 


Inputs 


Address Line 


RD 


Input 


Read Enable 


WR 


Input 


Write Enable 


CS 


Input 


Chip Select 


RESET 


Input 


Initialization 


INT 


Output 


Interrupt 
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Table 3. Indirect Register Access Guide 


Operation 




Register 


Indirect 








Block 


Register 


Number 


Name 


Mode 


Address 


Byte Sequence 


INI7 






1 


INIT 


R/W 


21 H 


One byte transferred 


INI7 






2 


INIT2 


R/W 


20H 


One byte transferred 


LIU 




LIU Status Register 


1 


LSR 


R 


A1H 


One byte transferred 


LIU 




LIU Priority Register 


2 


LPR 


R/W 


A2H 


Onp hvtp tran^f prrprl 

ic uy ic u ai ioi ci i c\j 


LIU 




LIU Mode Register 1 


3 


LMR1 


R/W 


A3H 


One byte transferred 


LIU 




LIU Mode Register 2 


4 


LMR2 


R/W 


A4H 


One byte transferred 


LIU 






5 


Perform 2-4 




A5H 


LPR, LMR1, LMR2 


LIU 




Multiframe Register 


6 


MF 


R/W 


A6H 


One byte transferred 


LIU 




Multiframe S-Bit/Status Register 7 


MFSB 


R 


A7H 


One byte transferred 


LIU 




Multiframe Q-Bit Buffer 


8 


MFQB 


W 


A8H 


One byte transferred 



MUX 1 

MUX 2 

MUX 3 

MUX 4 

MUX 5 



MCR1 


R/W 


41 H 


One byte transferred 


MCR2 


R/W 


42H 


One byte transferred 


MCR3 


R/W 


43H 


One byte transferred 


MCR4 


R/W 


44H 


One byte transferred 


Perform 1-4 




45H 


MCR1.2, 3, 4 



MAP X Filter Coefficient Register 

MAP R Filter Coefficient Register 

MAP GX Gain Coefficient Register 

MAP GR Gain Coefficient Register 

MAP GER Gain Coefficient Register 

MAP Sidetone Gain Coefficient 

Register 

MAP Frequency Tone Generator 

Register 1 , 2 
MAP Amplitude Tone Generator 

Register 1 , 2 
MAP MAP Mode Register 1 

MAP MAP Mode Register 2 

MAP — 

MAP MAP Mode Register 3 

MAP Secondary Tone Ringer 

Amplitude 
MAP Secondary Tone Ringer 

Frequency 



1 


X Coeff. 


R/W 


61H 


ho LSB, ho 










MSB...h7 MSB 


2 


R Coeff. 


R/W 


62H 


hO LSB, hO 










MSB...h7 MSB 


3 


GX Coeff. 


R/W 


63H 


LSB, MSB 


4 


GR Coeff. 


R/W 


64H 


LSB, MSB 


5 


GER Coeff. 


R/W 


65H 


LSB, MSB 


6 


STG Coeff. 


R/W 


66H 


LSB, MSB 


7 


FTGR1,FTGR2 


R/W 


67H 


FTGR1, 2 


8 


ATGR1.ATGR2 


R/W 


68H 


ATGR1, 2 


9 


MMR1 


R/W 


69H 


One byte transferred 


10 


MMR2 


R/W 


6AH 


One byte transferred 


11 


Perform 1-10 




6BH 


46 bytes loaded 










1-10 


12 


MMR3 


R/W 


6CH 


One byte transferred 


13 


STRA 


R/W 


6DH 


One byte transferred 


14 


STRF 


R/W 


6EH 


One byte transferred 


1 


FRAR1.2.3 


R/W 


81H 


FRAR1, 2, 3 


2 


SRAR1, 2, 3 


R/W 


82H 


SRAR1, 2, 3 


3 


TAR 


R/W 


83H 


LSB, MSB 


4 


DRLR 


R/W 


84H 


LSB, MSB 


5 


DTCR 


R/W 


85H 


LSB, MSB 


6 


DMR1 


R/W 


86H 


One byte transferred 


7 


DMR2 


R/W 


87H 


One byte transferred 



DLC First Received Byte Address 

Registers 1 , 2, 3 
DLC Second Received Byte Address 

Registers 1 , 2, 3 
DLC Transmit Address Register 

DLC D-Channel Receive Byte Limit 

Register 

DLC D-Channel Transmit Byte Count 

Register 

DLC D-Channel Mode Register 1 

DLC D-Channel Mode Register 2 
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Table 3. Indirect Register Access Guide (continued) 



Operation 



Register Indirect 



Block 


Register 


Number 


Name 


Mode 


Address 


Byte Sequence 


DLC 


— 


8 


Perform 1-7 


— 


88H 


4 bytes loaded 1-7 


DLC 


D-Channel Receive Byte Count 
Register 


9 


DRCR 


R 


89H 


LSB, MSB 


DLC 


Random Number Generator 
Register 


10 


RNGR1 (LSB) 


R/W 


8AH 


One byte transferred 


DLC 


Random Number Generator 


11 


RNGR2 (MSB) 


R/W 


8BH 


One byte transferred 




Register 








DLC 


First Received Byte Address 


12 


FRAR4 


R/W 


8CH 


One byte transferred 




Register 4 










DLC 


Second Received Byte 


13 


SRAR4 


R/W 


8DH 


One byte transferred 




Address Register 4 










pi! /-i 

DLL* 


u-unannei Moae negtster a 


1 A 
I 4 


UMH3 


DA A/ 

hVW 


obn 


One byte transferred 


ULU 




1 c; 




RAA/ 
rvvv 


orn 


wne uyie iransierreu 


DLC 




16 


Perform 12-15 




90H 


FRAR4, SRAR4, 

UMrio, UMH4 




Address Status Register 


1 -T 
I / 


ACQ 

Aon 


Q 

n 


y 1 n 


On© byte transferred 




Cvianrla/4 C\ Cf~1 Pnntrnl 


1 Q 

I o 


fcrOn 


RAA/ 

nVW 




One byte transferred 




Register 










PP 


Pfrinhpral Pnrt ("inntrnl Rpni^tpr 1 


1 


PPCR1 


R/W 


COH 


Wile UyLtJ 11 dl lol trl I cU 


PP 


Pprinhpral Pnrt Statue Rpni=;tpr 
rciipnciai nun oictiuo ncyiaici 


2 


PPSR 


p 
n 


o i n 


wile uylo liallalciioU 


PP 


Peripheral Port Interrupt 
Enable Register 


3 


PPIER 


FvW 


C2H 


One byte transferred 


PP 


Monitor Transmit Data Register 


4 


MTDR 


W 


C3H 


One byte transferred 


PP 


Monitor Receive Data Register 


5 


MRDR 


R 


C3H 


One byte transferred 


PP 


C/l Transmit Data Register 


6 


CITDRO 


W 


C4H 


One byte transferred 


PP 


C/l Receive Data Register 


7 


CIRDRO 


R 


C4H 


One byte transferred 


PP 


C/l Transmit Data Register 1 


8 


CITDR1 


W 


C5H 


One byte transferred 


PP 


C/l Receive Data Register 1 


9 


CIRDR1 


R 


C5H 


One byte transferred 


PP 


Peripheral Port Control 
Register 2 


10 


PPCR2 


R/W 


C8H 


One byte transferred 



Line Interface Unit (LIU) 

The LIU connects to the four-wire S Interface through a 
pair of isolation transformers, one for the transmit and 
one for the receive direction, as shown in Figure 1 . 

The receiver section of the LIU consists of a differential 
receiver, circuitry for bit timing recovery, circuitry for 
detecting High and Low marks, and a frame recovery 
circuit for frame synchronization. The receiver converts 
the received pseudo-ternary coded signals to binary 
before delivering them to the other blocks of the 
Am79C30A/32A. It also performs collision detection 
(E- and D-bit comparison) per the CCITT recommend- 
ations so several TEs can be connected to the same 
S Interface. 

The transmitter consists of a binary to pseudo-ternary 
encoder and a differential line driver which meets the 
CCITT recommendations for the S Interface. 



The Am79C30A/32A can establish multiframe syn- 
chronization, receive S Bits, and transmit Q bits 
synchronized to the received frame. 

External Interface 

The LIU can be connected to both point-to-point and 
point-to-multipoint configurations at the CCITT S refer- 
ence point. The point-to-point configuration consists of 
one TE connected to the NT or PABX linecard. The 
point-to-muttipoint configuration can have multiple TEs 
connected to one NT. 

Line Code 

Pseudo-ternary coding is used for both transmitting and 
receiving over the S Interface. In this type of coding, a 
binary 1 is represented by a space (zero voltage), and a 
binary is represented by a High mark or a Low mark. 
Two consecutive binary 0s are represented by alternate 
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marks to reduce DC offset on the line. A mark followed, 
either immediately or separated by spaces, by a mark of 
the same polarity, is defined as a code violation. Code 
violations are used to identify the boundaries of the 
frame. 

Frame Structures 

In both transmit and receive directions, the bits are 
grouped into frames of 48 bits each. The frame structure 
is identical for both point-to-point and point-to-multipoint 
configurations. Each frame transmitted at 4 kHz con- 
sists of several groups of bits. 

Multiframing 

If multiframing is enabled, the Am79C30A/32A re- 
cognizes and establishes multiframe synchronization 
based on the monitoring of the Fa (Q-bit control) 
and M (M-bit control) Bits. The Am79C30A/32A also 
receives and compiles S Bits, and transmits Q Bits 
synchronized to the received frame. 

Establishment of Multiframe Synchronization 

When the enable multiframe synchronization bit (Bit 
of the Multiframe Register) is set and the LIU is in state 
F7, the LIU monitors the Fa (Q-bit control) and M (M-bit 
control) Bits. When three consecutive multiframes with 
the M Bits and Fa Bits set as defined in Table 4 are 
received, the multiframe synchronized bit (Bit 7 of the 
Multiframe Register) and multiframe change of state bit 
(Bit 7 of the Multiframe S Bit/Status Buffer) are set. 
Note that S-bit data is received, compiled and trans- 
ferred to the user after attaining synchronization at the 
start of the next multiframe. 

S-Bit Reception 

The default operation of the DSC/IDC circuit is that the 
LIU will receive and pass multiframe data to the user in 
5-bit increments four times per multiframe, regardless 
of the value of the data. After multiframe synchron- 
ization has been requested and established, the 



microprocessor can read the Multiframe S Bit/Status 
Buffer (MFSB) once the S-bit available bit (MFSB Bit 5) 
is set. The S-data available bit is set to a logical 1 when 
the Am79C30A/32A has received five S Bits (one S Bit 
per S-interface frame) synchronized to the setting of 
the FA-bit to a logical 1 and transferred them into the 
MFSB. Once the S-bit available bit is set, the MFSB 
must be accessed within 1 .25 ms or succeeding S data 
will be lost. 

Subsequent to the original definition of the DSC/ 
IDC circuit, the CCITT has defined a structure for the 
20 multiframe bits, which specifies five 4-bit channels. 
Furthermore, the idle code for these channels has been 
defined as 0000. An enhanced mode of multiframe re- 
ception has been included, which may be enabled by 
setting INIT2 Bit 4 to a 1 . This enhanced mode reduces 
processor overhead by generating an interrupt only 
upon the reception of a non-zero S-channel word. INIT2 
Bit 4 will be automatically cleared by hardware when the 
five received data bits in the MFSB are not all 0s, as long 
as MF Bit 1 (interrupt enable) is set. This allows subse- 
quent valid all-zero words to be received. Furthermore, 
when the first five S Bits of the multiframe are loaded 
into the MFSB, Bit 4 of the MF register will be set, which 
allows identification of the position of received words 
within the multiframe. 

HSW 

The hookswitch circuitry on the DSC circuit provides the 
attached microprocessor with a way of converting an 
external mechanical hookswitch into a software status 
condition capable of generating an interrupt. Debounce 
and glitch rejection are provided internal to the DSC 
circuit. The logic rejects glitches less than 162 ns and 
provides debounce of 16 ms. HSW status reporting is 
disabled after RESET. It is enabled by any of the follow- 
ing: taking the device out of Idle Mode, a write to a MUX 
Control register (MCR3-MCR1), or unmasking the 
HSW interrupt. 



To 
MUX 

and 
DLC 



Frame 
Recovery 



Decoder 



Binary 
to 

Pseudo-ternary 
Coder 



Line Drivers 



Sheer 



Timing 
Recovery 



Balanced 
Receiver 



tx 



09893E-002 



Figure 1 . LIU Block Diagram 
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Table 4. Multiframing Structures 



Frame NT-to-TE 
Number Q Control Bit FA 


NT-to-TE 
M bit (M) 


NT-to-TE 
o bit (o) 


TE-to-NT 

TA bit (U bit) 


1 


1 


1 


SC1 1 


Q1 


2 








SC21 





3 








SC31 





4 








SC41 





C 

O 


u 





SC51 





6 


1 


n 
u 






7 








SC22 





8 








SC32 





9 








SC42 





1 








SC52 





11 


1 


U 




Uo 


12 








SC23 





13 








SC33 





14 








SC43 





15 








SC53 





16 


1 





SC14 


Q4 


17 








SC24 





18 








SC34 





19 


! 





SC44 





20 







SC54 





1 


1 


1 


SC11 


Q1 


2 








SC21 





etc 











Transmission of Q-bits 

The microprocessor can load the Multiframe Q-bit 
Buffer (MFQB) once the Q-bit buffer empty bit (Bit 6 of 
the Multiframe S Bit/Status Buffer) is set. The Q-bit 
buffer empty bit is set to a logical 1 at reset or when data 
that has been written to the Multiframe Q-bit Buffer 
is transferred to the LIU. The Q-bit buffer empty bit is 
cleared to a logical when the Multiframe S-bft/Status 
Buffer is read. After multiframing has been requested 
and established the Am79C30A/32A transfers the data 
written into the Q-bit Register to the LIU, synchronized 
to the multiframe, irrespective of the receipt of valid 
Q-control bits. If the microprocessor does not reload 
the Q-bit Register for retransmission, the Q-bit pattern 
is repeated in the next multiframe. 

If multiframing is enabled but multiframe synchroniza- 
tion is not established, the LIU transmits the value 
loaded in MFQB Bit 4 in all Q Bits. The default value of 

LIU Registers 

The LIU contains the following registers: 



MFQB Bit 4 is a logical which satisfies the CCITT rec- 
ommendations. When synchronization is achieved, the 
contents of MFQB Bits 3 to are transmitted according 
to Table 4. 

Loss of Multiframe Synchronization 

The Am79C30A/32A continuously monitors the Fa 
(Q-bit control) and the M Bits to assure multiframe 
synchronization. Once multiframe synchronization is 
established, multiframe synchronization is lost if three 
consecutive invalid multiframes are received, or the LIU 
exits state F7, or multiframing is disabled. When loss 
of multiframe synchronization occurs, Bit 7 of the Multi- 
frame Register is set to a logical 0, and Bit 7 of the 
Multiframe S Bit/Status Buffer is set to a logical 1. 
The Am79C30A/32A also terminates the reception of 
S Bits and transmission of Q Bits until multiframing 
synchronization is re-established. 



Registers No. /Registers Mnemonic 

LIU Status Register 1 LSR 

LIU Priority Register 1 LPR 

LIU Mode Registers 2 LMR1, LMR2 

Multiframe Register 1 MF 

Multiframe S-Bit/Status Register 1 MFSB 

Multiframe Q-Bit Buffer 1 MFQB 
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LIU Status Register (LSR), Readonly; Address = Indirect A1H 

The LSR has the following format: 



Bit 



Logical 1 



Generates Interrupt 



2,1,0 Binary values 000 through 110 represent the LIU activation 
current state (F2 through F8, respectively) Bit 2 is MSB 

3 Change of state to F3 

4 Change of state from/to F7 

5 Change of state fronVto F8 

6 HSW state 

7 HSW change of state 



No 

If LMR2 bit 3 = 1 
If LMR2 bit 6 = 1 
If LMR2 bit 4=1 
No 

If LMR2 bit 5 = 1 



When the microprocessor reads the LSR, Bits 3, 4, 5, 
and 7 are cleared. The other bits retain the current 
status of the LIU. Bits to 2 are defined such that state 
F2 (see CCITT 1. 430 state matrix tables) is coded as 0, 
F3 as 1 , F4 as 2, and so on, where Bit is the LSB. The 
LIU interrupts the microprocessor via Bit 4 of the LSR 
when activation has been achieved (that is, when the 
LIU moves to state F7 upon receipt of INFO 4). During 
reset the LSR is 0. 

Even though the LIU Status Register (LSR) is read-only, 
no default value upon power-up is given due to the 
uncertain state of Bit 6 (Hookswitch State). Following 
RESET, The LIU State is F2 and the HSW bit reflects the 
HSW pin, producing a power-up value of either 00H or 
40H. 

LIU D-Channel Priority Register (LPR), Read/Write 

The LPR contains the priority level for D-channel 
access, its default value after reset is 0. 

The D-channel access procedure of the Am79C30A/ 
32A uses the priority level programmed in the LPR. The 



priority mechanism defined by the CCITT l-series 
recommendations is fully implemented if the LPR is 
programmed via the microprocessor to conform to the 
priority class of the Layer-2 frame to be transmitted. 
The LPR has 16 possible programmable priority levels. 
The priority levels are numbered 0-15. Priority Level 
corresponds to counting eight 1s in the echo channel, 
priority Level 1 corresponds to counting ten 1s in the 
echo channel, priority Level 2 corresponds to counting 
twelve 1s, etc. The DSC circuit automatically handles 
transitions between the programmed priority level n and 
the associated odd value n + 1. The priority is incre- 
mented following a successfully transmitted packet, and 
decremented when the higher count has been satisfied. 

The LPR has the following format: 



Bits 



Description 



3,2,1,0 D-channel access priority level 

Bit is LSB 
7,6,5,4 Reserved, reads logical 



LIU Mode Register (LMR1), Read/Write; Address = Indirect A3H 

LMR1 is defined as follows: 



Bit 



Logical 1 



Enable B1 transmit 

1 Enable B2 transmit 

2 Disable F transmit 

3 Disable Fa transmit 

4 Activation request 

5 Go from F8 to F3 

6 Enable receiver/transmitter 

7 Reserved; must be set to logical 



Disable B1 transmit 
Disable B2 transmit 
Enable F transmit 
Enable F» transmit 
No activation request 
No transition 

Disable receiver/transmitter 
Reserved; must be set to logical 



The F and F* Bits in LMR1 (Bits 2 and 3) should be enabled during the activation procedure so the Am79C30A/32A can respond 
with INFO 3. 

LMR1 Bit 4 is used to transfer the signals PH-AR and Expiry of Timer from the microprocessor to the LIU (see CCITT I.430 state 
diagram — activation request). PH-AR is defined as Bit 4 being a logical 1 and Expiry of Timer is defined as the transition of Bit 4 
from a logical 1 to a logical 0. This bit must not be set until the LIU, as reflected in the LSR, is in state F3, F6 or F7 and the receiver 
has been enabled for a minimum of 250 us. 

LMR1 Bit 6 is primarily used to disable the receiver when the terminal does not require access to the S Interface signals. This bit is 
cleared by reset and must be written to logical 1 in order to receive activation from the S Interface, or to request activation. 



ISDN Products 



3-21 



AMD 



PRELIMINARY 



LIU Mode Register 2 (LMR2), Read/Write; Address = Indirect A4H 

LMR2 is used to select the following operations: 



Bit 



Logical 1 



Logical (Default Value) 



D-channel loopback at Am79C30A/32A enable 

1 D-channel loopback at LIU enable 

2 D-channel back-off disable 

3 F3 change of state interrupt enable 

4 F8 change of state interrupt enable 

5 HSW interrupt enable 

6 F7 change of state interrupt enable 

7 Reserved; must be set to logical 



D-channel loopback at Am79C30A/32A disable 

D-channel loopback at LIU disable 

D-channel back-off enable 

F3 change of state interrupt disable 

F8 change of state interrupt disable 

HSW interrupt disable 

F7 change of state interrupt disable 

Reserved; must be set to logical 



The three D-channel loopback controls defined in LMR2 
Bits 0, 1 , and 2 are explained below: 

Bit 0, D-channel loopback at Am79C30A/32A enable: 



n7! 



Am79C30A 



NT/PABX 



C 



E *■ 



This remote loopback is provided for maintenance 
purposes from the NT's perspective. The NT transmits 
D-channel bits to the Am79C30A/32A where they are 
internally looped (with the Data Link Controller) and 
transmitted back to the NT. The incoming D-channel 
data can be accessed by the microprocessor; however, 
the microprocessor cannot send data on the outgoing 
D Channel. 

Any difference between the transmitted D-channel 
bits and the received E-channel bits to/from the 
Am79C30A/32A (normally detected as an error which 
halts the transmission) is ignored, thereby allowing the 
transmission to continue. 



Bit 1 , D-channel loopback at LIU enable: 
Am79C30A NT/PABX 




MPI 

This local loopback is provided for local testing. Data on 
the incoming D Channel is ignored. The data from the 
microprocessor is processed by the DLC and then 
looped back to the microprocessor in addition to being 
output to the S Interface. 



Bit 2, D-channel back-off disable: 
Am79C30A 



NT/PABX 




This loopback is provided for maintenance purposes 
from the TE's perspective. The Am79C30A/32A trans- 
mits D-channel bits to the NT where they are looped and 
transmitted back to the Am79C30A/32A in the E Chan- 
nel. The operation is normal except differences between 
the D and E Channels do not halt the transmission. 



Multiframe Register (MF), Read/Write; Address = Indirect A6H 



Bit 



Logical 1 



Logical (Default Value) 




1 
2 
3 
4 

6,5 
7 



Enable multiframe synchronization 

Enable S-data available interrupt 

Enable Q-bit buffer empty interrupt 

Enable Multiframe change of state interrupt 

First subframe 

Not used, reads logical 

Multiframe synchronized (read only ) 



Disable multiframe synchronization 

Disable interrupt 

Disable interrupt 

Disable interrupt 

Not first subframe 

Not used, reads logical 

Multiframe not synchronized (read only) 
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Multiframe S-bit/Status Buffer (MFSB), Read Only; Address = Indirect A7H 



Description 



Generates Interrupt 



S1 
S2 
S3 
S4 
S5 

S-data available 
Q-bit buffer empty 
Multiframe change of state 



No 
No 
No 
No 
No 

If MFbrtl = 1 
If MF bit 2 = 1 
If M F bit 3 = 1 



The MFSB reset default value is 40H. 

Multiframe Q-bit Buffer (MFQB), Write Only; 
Address = Indirect A8H 



Description 

Q1 (default = 1) 
Q2 (default = 1) 
Q3 (default = 1) 
Q4 (default = 1) 

Q-bit value when multiframing enabled 

but synchronization not achieved (default = 0) 

Not used 



3 
4 

5,6,7 



Multiplexer (MUX) 

The MUX contains the following registers: 



Register 


No. /Registers Mnemonic 


MUX Control Registers 


4 MCR1, MCR2, 


MCR3, MCR4 



The Multiplexer is used to selectively route 64-kb/s full- 
duplex B Channels between the LIU (Line Interface 
Unit), MAP (Main Audio Processor), MPI (Microproces- 
sor Interface), and the PP (Peripheral Port). 

The logical channels available at the MUX are shown in 
Figure 2. They are: 

1 . From/to the LIU Channels B1 and B2 

2. From/to the MAP Channel Ba 

3. From/to the MPI Channels Bb and Be 

4. From/to the PP Channels Bd, Be, and Bf 

For any specific application, the MUX can be pro- 
grammed by the microprocessor to route any three 
B-channel ports to any other three B-channel ports. 
Programmable bidirectional bit reversal is provided for 
both of the MPI data channels Bb and Be. 



MUX Control Registers 1, 2, and 3 
(MCR1, MCR2, and MCR3), Read/Write; 
s = Indirect 41 H.42H, 43H 



The MUX can support three bidirectional paths. The 
contents of the MUX Control Registers MCR1, MCR2, 
and MCR3 direct the flow of data between the eight 
MUX logical B Channels (see Figure 2). These three 
MCRs are programmed to connect any two B-channel 
ports together by writing the appropriate channel code 
into an MCR. These MCRs have the same format, 
where Bits 7-4 indicate port 1 and Bits 3-0 indicate port 
2. In each of these three MCR registers, the following 
channel codes are used for both ports 1 and 2: 

MCR Register Channel Codes 



Code 


Channel 


0000 


No connection (default value) 


0001 


B1 (LIU) 


0010 


B2 (LIU) 


0011 


Ba (MAP) 


0100 


Bb (MPI) 


0101 


Be (MPI) 


0110 


Bd (PP channel 1) 


0111 


Be (PP channel 2) 


1000 


Bf (PP channel 3) 


For example, to connect B1 (LIU) with Bb (MPI) and B2 


(LIU) with Ba (MAP), the contents of the MCRs would 


be: 






Portl / Port2 


Register 


7654 3210 Channel Connection 


MCR1 


1 1 B1 (LIU)<— >Bb (MPI) 


MCR2 


1 1 1 B2 (LIU)<— >Ba (MAP) 


MCR3 


00000000 No connect<->No connect 



Therefore, in this example, MCR1 provides a data link 
from the S Interface and MCR2 sets up a voice connec- 
tion across the S Interface. 
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Figure 2. MUX Logical Channels 
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To loopback a channel, the same channel code is used 
for port 1 and port 2. For example, to loopback B1 , B2, 
and Ba, the MCRs would be: 



MCR will overwrite the data from the connecting port in 
the lower priority MCR, for example: 





Portl / Port2 




Register 


7654 3210 


Channel Connection 


MCR1 


0001 0001 


B1 (LIU) Loopback 


MCR2 


00 1 00 1 


B2 (LIU) Loopback 


MCR3 


00 11 00 11 


Ba (MAP) Loopback 





Portl / Port2 




Register 


7654 321 


Channel Connection 


MCR1 


0000 0000 


No connect 


MCR2 


0001 0100 


B1 (LIU)<— >Bb (MPI) 


MCR3 


0100 00 11 


Bb (MPI)<— >Ba (MAP) 



MCR3 has higher priority than MCR2. MCR2 has higher 
priority than MCR1 . 

If multiple connections are made to the same port, the 
data from the connecting ports in the highest priority 



The final data transfers are: 

B1 (LIU) receives Bb (MPI), 
Ba (MAP) receives Bb (MPI), 
Bb (MPI) receives Ba (MAP). 

Therefore, the data transfer from B1(LIU) to Bb(MPI) is 
lost in the arrangement proposed in MCR2. 



MUX Control Register 4 (MCR4), Read/Write; Address = Indirect 44H 

The MUX Control Register 4 (MCR4) can prevent interrupt generation by masking the output of IR Bit 4. MCR4 1 
the following format: 



Bit 



Logical 1 



Logical (Default Value) 



2,1 ,0 Reserved, must be set to logical 

3 Enable Bb- or Bc-channel byte available interrupt (IR Bit 4) 

4 Reverse bit order of Bb (LSB transmitted/received first) 

5 Reverse bit order of Be (LSB transmitted/received first) 

6 Reserved, must be set to logical 

7 Reserved, must be set to logical 



Reserved, must be set to logical 
Disable interrupt 

No Bb bit reversal (MSB transmitted/received first) 
No Be bit reversal (MSB transmitted/received first) 
Reserved, must be set to logical 
Reserved, must be set to logical 
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Main Audio Processor (MAP) 

(Am79C30A Only) 
Overview 

The MAP, as illustrated in Figure 3, implements audio- 
band analog-to-digital (ADC) and digital-to-analog 
(DAC) conversions together with a wide variety of audio 
support functions. Analog interfaces are provided for a 
handset earpiece, a handset mouthpiece, a micro- 
phone, and a loudspeaker. A programmable analog 
preamplifier is included in front of the A/D converter. The 
codec and filter functions are implemented using digital 
signal processing (DSP) techniques to provide opera- 
tional stability and programmable features. There is one 
programmable digital gain stage in the transmit path and 
two in the receive path to allow precise signal level 
control. Sidetone attenuation is programmable, and 
programmable equalization filters are present in both 
the receive and transmit paths in order to modify the fre- 
quency response of either or both paths. Tone genera- 
tion capability is included to allow generation of ringing 
signals, DTMF tones, and call progress signals. MAP 
operation is described in detail in the following sections. 



Audio Inputs 

The audio input port consists of two inputs (AINA and 
AINB) which are selectable, one at a time, by register 
programming. Signals applied to these inputs must be 
AC-coupled. 

Earpiece and Loudspeaker Drivers 

The earpiece and loudspeaker drivers each consist of 
amplifiers with differential, low-impedance outputs. The 
MAP receive path signal may be routed to either of these 
outputs, or to both outputs simultaneously. Alterna- 
tively, the MAP receive path may be routed to the EAR 
outputs while the Secondary Tone Ringer (STR) is 
routed to the LS outputs. The EAR drivers can drive 
loads >540 ohms between the EAR1 and EAR2 pins, 
while the LS drivers can drive loads >40 ohms between 
the LS1 and LS2 pins. The maximum capacitive-loading 
between EAR1 and EAR2 or between LS1 and LS2 is 
1 00 pF. The EAR outputs are high-impedance when the 
MAP is disabled. The LS outputs are high impedance 
when both the MAP and the Secondary Tone Ringer are 
disabled. 



CAP1 o- 
CAP2 0- 



AINA 
AINB 



AREF 



~Mg^>- 4adc] -x» 



EAR1 
EAR2 

LS1 
LS2 



S3* 

3^ 



,V 1 

J DAC 
H sT »* I 



Decimators, BPF 



Digital 
Loopback 



(A) 





X* 




GX* 




COMP* 











DTMF 
GEN. 



Sidetone 
Gain* 



Interpolators, LPF 



R* 



GER' 



(C) 



Tone* 




Tone* 


Ringer 




Gen. 



(B) 



MINIMUM 


DEFAULT 


MAXIMUM 


STEP 


OdB" 


OdB 


12 dB 


0.5 dB 


-10 dB" 


OdB 


18 dB 


0.5 dB 


-12 dB" 


OdB 


OdB 


0.5 dB 


-18 dB" 


-18 dB 


OdB 


0.5 dB 


dB 


OdB 


24 dB 


6.0 dB 



GER 
GR 
STG 
GA 



* Programmable 

"These registers can also be programmed for infinite attenuation to break the signal path if desired. 



Ba Channel 
MUX 



Transmitter 
Receiver 



GR* 




EXP* 


4 



Ba Channel 

i from 

MUX 
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Figure 3. Main Audio Processor Block Diagram 
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Programmable Analog Preamplifier 

A programmable analog preamplifier GA is included in 
front of the A/D converter, and is adjustable in 6-dB 
increments from dB to +24 dB. The existing GX gain 
stage in the transmit path may be used for finer adjust- 
ment of transmit gain. This preamplifier eliminates the 
need for an external operational amplifier when interfac- 
ing electret-type handsets to the DSC circuit. 

Signal Processing 
Transmitter 



The transmitter performs a 
described below: 



series of operations as 



1 . An ADC converts the incoming analog signal at a 
sampling rate of 512 kHz. 

2. The Band Pass Filter and a series of decimators 
reject DC and 50- to 60-Hz line frequencies while 
reducing the sampling rate to 8 kHz. 

3. The X filter is an 8-tap user-programmable filter for 
tuning the microphone. The default is flat with unity 
gain. 

4. The GX filter is a programmable gain filter that allows 
the user to program a gain of to +12 dB in 0.5-dB 
steps. The default value is dB. 

5. The |i-law or A-law digital compression algorithm 
converts the linear output of the GX filter to u.- or A- 
law code. The default algorithm is u-law code. The 
MSB (sign bit) is transferred first to (or from) 
the MUX. 

Receiver 

The receiver performs a series of operations described 
as follows: 

1 . An expander converts the input A- or |i-law data to 
digital linear data. The most significant bit is trans- 
ferred from the MUX first. The default value is u-Iaw. 

2. The GR filter is a programmable gain filter that allows 
the user to program a gain of -12 to dB in 0.5-dB 
steps. The default value of GR is dB. 

3. The GER and Sidetone Gain (STG) are program- 
mable constant multipliers which allow the user to 
program a gain of -10 to +18 dB in 0.5-dB steps 
(default value dB) and -18 to dB in 0.5-dB 
steps (default value -18 dB) respectively. The GER 



provides volume control (for the hearing impaired) 
and should be programmed to dB for normal opera- 
tion. The sidetone gain path provides feedback from 
the transmitter. 

4. The R filter is provided to correct for speaker attenu- 
ation distortion and is a user-programmable fiiter 
similar to the X filter in the transmitter. 

5. A series of interpolators increases the sampling 
frequency. 

6. A DAC converts the digital signal to the analog 
audio output signal. 

Tone Generators 

The MAP contains three tone generators which can be 
enabled via MAP Mode Register2 Bits 2, 3, and 4. Oniy 
one of the three tone generator bits in the register can be 
set at a time. If more than one bit is set, all three bits are 
considered set to zero and tone generation is disabled. 
The tone generators are: 

DTMF Generator 

This generator provides tone injection at a sampling rate 
of 32 kHz into the transmit and sidetone paths (Figure 3, 
Block A) . The DTM F frequencies generated are guaran- 
teed to +1 .2% deviation. 

Tone Generation 

This generator provides call progress tones to the re- 
ceive path, where it is added to the incoming speech 
(Figure 3, Block B). 

Tone Ringer 

This generator provides tone alert signals output 
through the receive path to the loudspeaker or earpiece 
(Figure 3, Block C). 

To program the DTMF tone generators, two frequency 
values and two amplitude values must be written to the 
two 8-bit Frequency Tone Generator Registers 
(FTGR1, FTGR2) and the two 8-bit Amplitude Tone 
Generator Registers (ATGR1 , ATGR2), respectively. 

The Tone Generator and the Tone Ringer use the fre- 
quency programmed in FTGR1. The Tone Generator 
uses the amplitude programmed in ATGR1 while the 
Tone Ringer uses the amplitude programmed in 
ATGR2. 
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The FTGR codes to obtain DTMF dialing output frequencies are listed in the table below: 



FTGR 2 or 1 
I HEX REG VALUE ► 

* FREQ ► 

FTGR 1 OR 2 | 


9BH 


ABH 


BFH 


D3H 


1209 


1336 


1477 


1633 


5AH 


697 


1 


2 


3 


A 


63H 


770 


4 


5 


6 


B 


6EH 


852 


7 


8 


9 


C 


79H 


941 


* 





# 


D 



The output frequency of the DTMF tone generator 
approximately equals : 

DTMF Frequency in Hz = 

integer (8192/() + 1 

where i is the decimal equivalent of value programmed 
into the FTG R register. This allows the DTMF generator 
to supply common dual tone call progress signals such 
as Busy or Dial tones. 



Table 5. Tone Ringer and Tone Generator 
Frequency Coefficients 



requency (Hz) 



Hex Code 



2666 
2000 
1600 
1333 
1142 
1000 
889 
800 
727 
667 
615 
571 
533 
500 
471 
444 
421 
400 
381 
364 
348 
333 
320 



AB 
81 
67 
56 
4A 
41 
39 
34 
2F 
2B 
28 
25 
23 
21 
1F 
1D 
1B 
1A 
19 
18 
17 
16 
15 



Note: These coefficients do not apply to the DTMF generator. 

The ATGR registers allow the user to program a gain of 
-1 8 dB to dB in 2-dB steps. Example ATGR codes to 
obtain amplitude gains are listed in the following table. 



dB implies a level of +3 dBmO. The gain values are 
rounded off to the nearest 1 dB. 

Amplitude Gain Coefficients 



Gain (dB) 



Hex Code 



-18 


37 


-16 


32 


-14 


31 


-12 


27 


-10 


22 


-8 


21 




20 


-4 


12 


-2 


11 





10 



Secondary Tone Ringer 

A Secondary Tone Ringer is included, which is able to 
ring the phone using the LS outputs while a voice con- 
versation is in progress on the EAR outputs. The STR is 
louder than the Tone Generator, and may be used with 
or without enabling the MAP in order to provide flexible 
control of system power consumption. The STR is not 
available if the IN IT register is programmed to Idle or 
Power-Down Mode. The amplitude and frequency of the 
STR square-wave output waveform is programmable 
via the STRA and STRF registers, respectively. If both 
the LS outputs from the MAP receive path and the STR 
are simultaneously enabled, priority is given to the STR 
connection. The STR is available for both the DSC and 
IDC circuits. A legal value must be programmed in the 
STRF register before the STR is enabled. 

Programmable Gain Coefficients 

The GER, GR, GX, and Sidetone gain coefficients are 
each 16 bits in length. Two consecutive register loca- 
tions correspond to one gain coefficient. The LSB is 
transferred first to (orfrom) the microprocessor. Sample 
coefficients for the GER filter are listed in Table 6. The 
gain values are rounded off to the nearest 0.1dB. 
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Table 6. GER Gain Coefficients 


Gain 
(dB) 




Hex Code 


Gain 
(dB) 




Hex Code 


MSB 


LSB 


MSB 


LSB 




-10.0 


AA 


AA 


4.0 


31 


DD 


-9.5 


9B 


BB 


4.5 


44 


1F 


-9.0 


79 


AC 


5.0 


43 


1F 


-6.5 


09 


9A 


5.5 


33 


1F 


-8.0 


41 


99 


6.0 


40 


DD 


-7.5 


31 


99 


6.5 


11 


DD 


-7.0 


9C 


DE 


7.0 


44 


OF 


-6.5 


9D 


EF 


7.5 


41 


1F 


-6.0 


74 


9C 


8.0 


31 


1F 


-5.5 


54 


9D 


8.5 


55 


20 


-5.0 


6A 


AE 


9.0 


10 


DD 


-4.5 


AB 


CD 


9.5 


42 


11 


-4.0 


AB 


DF 


10.0 


41 


OF 


-3.5 


74 


29 


10.5 


11 


1F 


-3.0 


64 


AB 


11.0 


60 


0B 


-2.5 


6A 


PF 


115 


00 


DD 


-2.0 


2A 


BD 


12.0 


42 


10 


-1.6 


BE 


EF 


12.5 


40 


OF 


-1.0 


5C 


CE 


13.0 


1 1 


OF 


-0.5 


75 


CD 


^3A 


22 


10 


0.0 


00 


99 


14.0 


72 


00 


0.5 


55 


4C 


14^5 


42 


00 


1.0 


43 


DD 


15.0 


21 


10 


1.5 


33 


DD 


15.5 


10 


OF 


2.0 


52 


EF 


15.9 


22 


00 


2.5 


77 


1B 


16.6 


11 


10 


3.0 


55 


42 


16.9 


00 


OB 


3.5 


41 


DD 


17.5 


21 


00 








18.0 


00 


OF 



Note: The coefficient 0008 provides an attenuation of infinity when GER gain is enabled. 
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Example coefficients for the GR, GX, and STG filters 
are listed in the following table. The gain values are 
rounded off to the nearest 0.1 dB. 



STG Gain Coefficients 



Gain 
(dB) 



-12.0 
-11.5 
-11.0 
-10.5 
-10.0 
-9.5 
-9.0 
-8.5 
-8.0 
-7.5 
-7.0 
-6.5 
-6.0 
-5.5 

± 

-4.0 
-3.5 
-3.0 
-2.5 
-2.0 
-1.5 
-1.0 
-0.5 
0.0 



GX Gain Coefficients 





ain 




Hex Code 


(dB) 


MSB 


LSB 








08 


08 





5 


4C 


B2 


1 


o 


3D 


AC 


1 


5 


2A 


E5 


2 





25 


33 


2 


5 


22 


22 


3 


o 


21 


22 


3 


5 


1P 


D3 


4 


o 


12 


A2 


4 


5 


12 


1 R 


5 





1 -j 


3B 


5 


5 


0B 


C3 


6 





10 


F2 


6 


5 


03 


BA 


7 





02 


CA 


7 




02 


1D 


8 


o 


01 


5A 


8 


5 


01 


22 


9 





01 


12 


9 


5 


00 


EC 


10 





00 


32 


10 


5 


00 


21 


11 





00 


13 


11 


5 


00 


11 


12 





00 


0E 



GR Gain Coefficients 



Hex Code 



MSB 



LSB 



91 

91 

91 

92 

91 

92 

92 

92 

92 

93 

93 

94 

9F 

9C 

9B 

9A 

9A 

A2 

A2 

A6 

AA 

B2 

BB 

CB 

08 



F9 
C5 
B6 
12 
A4 
22 
32 
FB 
AA 
27 
B3 
B3 
91 
EA 
F9 
AC 
4A 
22 
A2 
8D 
A3 
42 
52 
B2 



Gain 




Hex Code 


(dB) 


MSB 


LSB 


-18.0 


8B 


7C 


-17.5 


8B 


44 


-1 7.0 


8B 


35 


-16.5 


8B 


2A 


-16.0 


8B 


24 


-15.5 


8B 


22 


-15.0 


91 


23 


-1 4.5 


91 


2E 


-1 4.0 


91 


2A 


-13.5 


91 


32 


-13.0 


91 


3B 


-12.5 


91 


4B 


-12.0 


91 


F9 


-11.5 


91 


C5 


-11.0 


91 


B6 


-10.5 


92 


12 


-10.0 


91 


A4 


-9.5 


92 


22 


-9.0 


92 


32 


-8.5 


92 


FB 


-8.0 


92 


AA 


-7.5 


93 


27 


-7.0 


93 


B3 


-6.5 


94 


B3 


-6.0 


9F 


91 


-5.5 


9C 


EA 


-5.0 


9B 


F9 


-4.5 


9A 


AC 


-4.0 


9A 


4A 


-3.5 


A2 


22 


-3.0 


A2 


A2 


-2.5 


A6 


8D 


-2.0 


AA 


A3 


-1.5 


B2 


42 


-1.0 


BB 


52 


-0.5 


CB 


B2 


0.0 


08 


08 



The coefficient 9008 provides an attenuation of infinity when 
GR, GX, and/or STG are enabled. 

Overflow/Underflow Precautions When Using 
Programmable Gains 

Care must be taken so that at any point in the signal 
processing path, the combination of gains and filters 
and/or tones does not result in a signal that is larger than 
full scale. Full scale is defined as the digital representa- 
tion of the maximum analog signal that is allowed into 
the transmitter or out of the receiver with all filters and 
gain stages at their default (0 dB) settings (e.g., in 
A-Law, the transmitter full scale is ± 1 .25 Vp and the 
receiver full scale is ±2.5 Vp). Likewise, it is desirable 
that the peak signal be kept as close to full scale as pos- 
sible at any point in the signal processing path in order to 
minimize digital truncation effects in the A/D, D/A, and 
MAP DSP. 

Consider the following example: STG is programmed 
for infinite attenuation, GR is programmed to -6 dB 
while GER is programmed to +12 dB, and the R filter is 
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programmed to exhibit a net gain of -6 dB. Assume the 
analog full scale out of the receiver is ± 2.5 W, and a full 
scale PCM code is possible from the MUX. After GR, the 
equivalent analog signal will be 2.5/2 =±1 .25 Vp. How- 
ever, after GER the signal will be 1 .25 4, or ± 5 Vp. Even 
though the R filter will have a net gain of -6 dB, thesignal 
will be clipped after GER and distorted for PCM codes 
between full scale and 6 dB below full scale due to the 
intermediate result at the output of GER. 

Be very careful when programming the tone ringers/ 
generators. For example, if one of the DTMF tones is 
programmed to dB, atone is generated that is equiva- 
lent to a ± full scale signal in the transmit path. This 
means no headroom is left for the other DTMF tone. 
Therefore, the DTMF generator should never be pro- 
grammed to exceed full scale if signal quality is to be 
maintained. In the receive path, similar caution should 
be exercised in ordertopreventthe combination of Tone 
Generator, Sidetone, GR, and GER from clipping the 
signal. 



The X and R filter coefficients are programmed using a 
16-byte transfer with the following format: 



: 

jram 



Programmable Filter Coefficients and Equations 

The frequency domain transfer function equation for the 
X and R filters is: 



ht = ho + hiz~ 1 + h2Z" 2 + fwz" 3 + h4Z^+ h5Z" 5 + h6Z"*+ h7Z~ 7 
where: 

z = cos (wT) + i sin(wT) 

w = frequency of input signal in Hz ■ 2pi 
T = sample period in seconds (0.125 ms) 
hj (j = 0,1 ,...7) = user defined coefficients. 

Each hj coefficient is defined by the following equation: 

hj = A3 {1 + A2 [1 + A1 (1 + AO ) ] } 
where each hj Coefficient Register pair has the following 



format: 




Byte 


7 


65 4 


3 


21 


LSB 


S1 


M1 


SO 


MO 


MSB 


S3 


M3 


S2 


M2 


and Ai = 


= -1 sl 2-< 


-',0=0,1,2,3). 







Byte 


Value 





hO LSB 


1 


hO MSB 


2 


hi LSB 


3 


hi MSB 


4 


h2 LSB 


5 


h2 MSB 


6 


h3 LSB 


7 


h3 MSB 


8 


h4 LSB 


9 


h4 MSB 


10 


h5 LSB 


11 


h5 MSB 


12 


h6 LSB 


13 


h6 MSB 


14 


h7 LSB 


15 


h7 MSB 



AmMAP™ software, which calculates X and R filter coefficients, is 
available from Advanced Micro Devices. Contact your local AMD® 
Sales Office for more information. 

Test Facilities 

Three capabilities are provided for MAP operation 
verification: 

MAP Analog Loopback 

Signals sent in on AINA or AINB may be sent back out to 
EAR1/EAR2or LS1/LS2 by looping the MAP path in the 
MUX. The MUX should be set up for Ba-to-Ba loop- 
back by writing 33H to MCR1, MCR2, or MCR3. No 
other MUX connections overriding Ba-to-Ba should 
be programmed. This test allows the MAP analog and 
digital to be tested using a local signal source. 

MAP Digital Loopback 1 

This loopback mode connects the interpolator output to 
the decimator input, in place of the ADC output. This 
mode allows verification, from the S Interface or micro- 
processor, that the MAP digital circuitry is functional. 
Note that the digital patterns received after loopback will 
not be identical to the transmitted patterns. The D-D 
gain is approximately 2.5 dB. 

MAP Digital Loopback 2 

This loopback mode connects the analog D/A output 
path to the analog A/D input path, internal to the DSC 
circuit. The EAR and LS outputs and both AIN inputs 
will be disabled. This mode allows verification, from 
the S Interface or microprocessor, that the MAP analog 
and digital circuitry are functional. The digital patterns 
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received after loopback will not be identical to the 
transmitted patterns. 

The bits in the MAP Mode Register define the enable/ 
disable options for the various MAP configurations as 
follows: 

1 Registers 

The MAP contains the following programmable 
registers: 



MAP Register 



# Bytes Mnemonic 



X-Filter Coefficient Register 


16 


X 


R-Filter Coefficient Register 


16 


R 


GX-Gain Coefficient Register 


2 


GX 


GR-Gain Coefficient Register 


2 


GR 


GER-Gain Coefficient Register 


2 


GER 


Sidetone-Gain Coefficient Register 


2 


STGR 


Frequency Tone Generator Register 


2 


FTGR 


Amplitude Tone Generator Register 


2 


ATGR 


MAP Mode Registers (3) 


1 


MMR 


Secondary Tone Ringer Amplitude Reg. 


1 


STRA 


Secondary Tone Ringer Frequency Reg. 


1 


STRF 



Following reset, the MAP registers FTGR, MMR1, 
MMR2, MMR3, STRA, and STRF all default to 00 hex. 
All other MAP registers are not affected by reset and 
must be programmed by the microprocessor before 
being enabled. When the registers are disabled, or after 
reset, the MAP will have the following response: 



Filter 



Default Response 



X Filter 
R Filter 
GX Filter 
GR Filter 
GER Filter 
Sidetone gain 



Disabled (0 dB, Flat) 
Disabled (0 dB, Flat) 
Disabled (0 dB, Gain) 
Disabled (0 dB, Gain) 
Disabled (0 dB, Gain) 
Disabled (-18 dB, Gain) 



Note: It is necessary to complete any transfers to the multi- 
byte MAP registers. For instance, a total of 16 bytes must be 
transferred to update the X filter. 







Ml 


kP Mode Register 1 — (MMR1) — Read/Write 




Ad 


dress = Indirect 69H 




Bii 


i Logical 1 


Logical (default mode) 





A-Law 


u.-Law 


1 


GX coefficient loaded from register 


GX bypassed; gain = dB 


2 


GR coefficient loaded from register 


GR bypassed; gain = dB 


3 


GER coefficient loaded from register 


GER bypassed; gain = dB 


4 


X coefficient loaded from register 


X bypassed; response = flat 


5 


R coefficient loaded from register 


R bypassed; response = flat 


6 


Sidetone gain coefficient loaded from register 


STG gain = -18 dB* 


7 


Digital loopback at MAP enabled 


Digital loopback at MAP disabled 



*To remove the sidetone path completely, it is necessary to enable the STG function by setting MMR1 Bit 6 to 1, and program the 
STGR coefficient to 9008 (hex). 

MAP Mode Register 2— (MMR2)— Read/Write 

Address = Indirect 6AH 



Bit Logical 1 Logical (default mode) 



— 




AINB selected 


AINA selected 


1 


LS1/LS2 selected 


EAR1/EAR2 selected 


2 


DTMF enabled 


DTMF disabled 


3 


Tone generator enabled 


Tone generator disabled 


4 


Tone ringer enabled 


Tone ringer disabled 


5 


High pass filter disabled 


High pass filter enabled 


6 


ADC auto-zero function disabled 


ADC auto-zero function enabled 


7 


Reserved, must be Logical 


Reserved, must be Logical 



Note: For most applications, MMR2 Bits 5 and 6 should always be written to logical 0. This enables the 50-60 Hz rejection filter and 
the internal offset cancellation circuits to operate normally. They can both be disabled when system or test conditions require the 
transmission of DC or low frequency signals. 
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Map Mode Register 3— (MMR3)— Read/Write 

Address Indirect 6CH 



Bit 



7 


6 


5 


4 


3 


2 


1 





Function 





■■ 

A 


\ 


v 
X 


v 

A 


v 

A 


v 
A 


v 

A 


Bit 7 Reserved, must be written to 














X 


X 


X 


X 


0-dB pre-amplifier gain, 1 .250-V maximum peak input voltage 











1 


X 


X 


X 


X 


+6-dB pre-amplitier gain, 0.625-V maximum peak input voltage 








1 





X 


X 


X 


X 


+12-dB pre-amplifier gain, 0.31 2-V maximum peak input voltage 








1 


1 


X 


X 


X 


X 


+18-dB pre-amplifier gain, 0.156-V maximum peak input voltage 




1 
I 


u 


n 
u 


y 

A 


Y 
A 


A 


Y 
A 


+*i^-aD pre-ampiitier gain, u.u/o-v maximum peaK input voltage 





1 





1 


X 


X 


X 


X 


Reserved; undefined 





1 


1 





X 


X 


X 


X 


Reserved; undefined 





1 


1 


1 


X 


X 


X 


X 


Reserved; undefined 





X 


X 


X 


1 


X 


X 


X 


MUTE ON, AINA and AINB inputs disabled 





X 


X 


X 





X 


X 


X 


MUTE OFF, AINA or AINB enabled 





X 




X 


X 


1 


X 


X 


Digital Loopback 2 enabled; D/A output looped to A/D input; EAR, LS, and AIN pin disabled 





X 


[ 


X 


X 





X 


X 


Digital Loopback 2 disabled 





X 


X 


X 


X 


X 


1 


X 


EAR and LS simultaneously enabled 





X 


X 


X 


X 


X 





X 


EAR or LS enabled by MMR2 Bit 1 





X 


: 


X 


X 


X 


X 


1 


Secondary Tone Ringer enabled 





X 




X 


X 


X 


X 





Secondary Tone Ringer disabled 




ry Tone Ringer Amplitude Register— (STRA)— Read/Write 

= Indirect 6DH 



Bit 



Relative 



Approximate 
Power into 



7 6 


5 


4 


3 


2 


1 





Peak-to-Peak Output Voltage 


Output 


50 Ohms 























Silent 












1 














Reserved 









1 

















Reserved 









1 


1 














Reserved 






1 




















Reserved 






1 





1 














Reserved 






1 


1 

















0.22 V 


-27 dB 


0.25 mW 


1 


1 


1 














0.31 V 


-24 dB 


0.5 mW 


1 




















0.44 V 


-21 dB 


1.0 mW 


1 





1 














0.62 V 


-18 dB 


2.0 mW 


1 


1 

















0.88 V 


-15 dB 


4 .0 mW 


1 


1 


1 














1.25 V 


-12 dB 


8 .0 mW 


1 1 




















1.77 V 


-9dB 


16.0 mW 


1 1 





I 














2.50 V 


-6dB 


31.25 mW 


1 1 


1 
















3.53 V 


-3dB 


62.5 mW 


1 1 


1 


1 














5.00 V 


OdB 


125.0 mW 


X X 


X 


X 














Bits 0-3 Reserved; must be written to 
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Secondary Tone Ringer Frequency Register (STRF), Read/Write; Address = Indirect 6EH 

STRF is a Read/Write register controlling the frequency of the secondary tone ringer. Hex codes 7F and 00 are 
reserved and should not be used. The coefficients are defined in the following table: 



Table 7. Frequencies for Secondary Tone Ringer 



Counter 


Frequency 


Counter 


Frequency 


Counter 


Frequency 


Counter 


Frequency 




Value 


(Hz) 


Value 


(Hz) 


Value 


(Hz) 


Value 


(Hz) 




3F 


Reserved 


3B 


727.3 


D8 


369.2 


F7 


247.4 




1F 


Reserved 


9D 


716.4 


6C 


366.4 


FB 


246.2 




OF 


12000.0 


4E 


705.9 


36 


363.6 


FD 


244.9 




87 


9600.0 


27 


695.7 


1B 


360.9 


7E 


243.7 




43 


8000.0 


13 


685.7 


8D 


358.2 


BF 


242.4 




A1 


6857.1 


09 


676.1 


C6 


355.6 


5F 


241.2 




DO 


6000.0 


04 


666.7 


E3 


352.9 


2F 


240.0 




E8 


5333.3 


82 


657.5 


F1 


350.4 


97 


238.8 




F4 


4800.0 


41 


648.7 


78 


347.8 


CB 


237.6 




7A 


4363.6 


AO 


640.0 


3C 


345.3 


65 


236.5 




3D 


4000.0 


50 


631 .6 


9E 


342.9 


32 


235.3 




1E 


3692.3 


A8 


623.4 


CF 


340.4 


99 


234.2 




8F 


3428.6 


D4 


615.4 


E7 


338.0 


CC 


233.0 




C7 


3200.0 


6A 


607.6 


73 


335.7 


66 


231.9 




63 


3000.0 


B5 


600.0 


39 


333.3 


B3 


230.8 




B1 


2823.5 


DA 


592.6 


9C 


331 _o 


59 


229.7 




58 


2666.7 


6D 


585.4 


CE 


328.8 


AC 


228.6 




2C 


2526.3 


B6 


578.3 


67 


326.5 


56 


227.5 




16 


2400.0 


5B 


571 .4 


33 


324.3 


2B 


226.4 




OB 


2285.7 


AD 


564.7 


19 


322 2 


15 


225.4 




05 


2181.8 


D6 


558 1 


8C 




8A 
C5 


224.3 
223.3 
222.2 
221.2 
220.2 
219.2 
218.2 
217.2 
216.2 
215.3 
214.3 
213.3 
212.4 




02 


2087.0 


6B 


551 .7 


46 


317 9 




01 


2000.0 


35 


545 5 


A3 


315 8 


62 
31 
18 
OC 
06 
83 
C1 
E0 
70 
B8 
5C 
AE 
57 
AB 
55 




80 


1 920.0 


9A 


539.3 


D1 


313.7 




40 


1 846.2 


4D 


533.3 


68 


oil 7 
Oil./ 




20 


1777.8 


A6 


527.5 


34 


309 7 




10 


1 7") 43 


na 


591 7 


5A 

an 


on7 7 




88 


1 655.2 


69 


516.1 


2D 


305.7 




C4 


1600.0 


34 


510.6 


96 


303.8 




E2 


1548.4 


1 A 


505.3 


4B 


301 .9 




71 


1500.0 


0D 


500.0 


25 


300.0 




38 


1 454.6 


86 


494.9 


12 


298 1 




1C 


1411.8 


C3 


489.8 


89 


296.3 




8E 


1 371 .4 


E1 


484.9 


44 


294.5 




47 


1 333.3 


F0 


480.0 


A2 


292.7 


211.5 




23 


1297.3 


F8 


475.3 


51 


290.9 


210.5 




91 


1263.2 


7C 


470.6 


28 


289.2 


209.6 




48 


1230.8 


BE 


466.0 


94 


287 4 


208.7 




A4 


1200.0 


DF 


461 .5 


4A 


285.7 


AA 


207.8 




D2 


1 1 70.7 


6F 


457.1 


A5 


284.0 


D5 


206.9 




E9 


1 1 42.9 


B7 


452.8 


52 


282.4 


EA 


206.0 




74 


1116.3 


DB 


448.6 


A9 


280.7 


F5 


205.1 




3A 


1090.9 


ED 


444.4 


54 


279.1 


FA 


204.3 




1D 


1066.7 


F6 


440.4 


2A 


277.5 


7D 


203.4 




0E 


1043.5 


7B 


436.4 


95 


275.9 


3E 


202.5 




07 


1021.3 


BD 


432.4 


CA 


274.3 


9F 


201.7 




03 


1000.0 


5E 


428.6 


E5 


272 7 


4F 


200.8 




81 


979.6 


AF 


424.8 


72 


271 .2 


A7 


200.0 




CO 


960.0 


D7 


421 .1 


B9 


269.7 


53 


199.2 




60 


941 .2 


EB 


417.4 


DC 


268 2 


29 


198.4 




30 


923.1 


75 


413.8 


EE 


266.7 


14 


197.5 




98 


905.7 


BA 


410.3 


77 


265.2 


OA 


196.7 




4C 


888.9 


5D 


406.8 


BB 


263.7 


85 


195.9 




26 


872.7 


2E 


403.4 


DD 


262.3 


42 


195.1 




93 


857.1 


17 


400.0 


6E 


260.9 


21 


194.3 




49 


842.1 


8B 


396.7 


37 


259.5 


90 


193.6 




24 


827.6 


45 


393.4 


9B 


258.1 


C8 


192.8 




92 


813.6 


22 


390.2 


CD 


256.7 


E4 


192.0 




C9 


800.0 


11 


387.1 


E6 


255.3 


F2 


191.2 




64 


786.9 


08 


384.0 


F3 


254.0 


F9 


190.5 




B2 


774.2 


84 


381 .0 


79 


252.6 


FC 


189.7 


D9 


761.9 


C2 


378.0 


BC 


251.3 


FE 


189.0 


EC 


750.0 


61 


375.0 


DE 


250.0 


FF 


188.2 


76 


738.5 


B0 


372.1 


EF 


248.7 
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Data Link Controller (DLC) 

Overview 

A 1 6 kb/s D Channel is time multiplexed within the frame 
structure of the S Interface. The data carried by the 
D Channel is encoded using the Link Access Pro- 
tocol D-channel (LAPD) format shown in Figure 5. The 
D Channel can be used to carry either end-to-end sig- 
naling or Low speed packet data. Further information 
concerning LAPD protocol can be found in the CCITT 
recommendations. The LIU controls the multiplexing 
and demultiplexing of the D-channel data between the 
S Interface and the DLC. 

The DLC performs processing of Level 1 and partial 
Level-2 LAPD protocol, including flag detection and 
generation, zero deletion and insertion, Frame Check 
Sequence (FCS) processing for error detection, and 
some addressing capability. High level protocol pro- 
cessing is done by the external microprocessor. The 
microprocessor may process the address field in the 
LAPD frame depending on the programmed state of 
the DLC. The status of the DLC is held in the status 
registers and relevant interrupts are generated under 
user program control. In addition to transmit and receive 
data F FOs, the DLC contains a 16-bit pseudo-random 
number generator (RNG) used in the CCITT D-channel 
address allocation procedure. 

D-Channel Processing 
Random Number Generator (RNG) 

The RNG is accessible by the microprocessor and oper- 
ates in the following manner: 

On the Low-to-High transition of the reset signal, the 
RNG is cleared, then started. The RNG stops when the 
LSB or MSB of the 16-bit counter is read by the micro- 
processor, or when the MSB is loaded by the micropro- 
cessor. Writing to the MSB of the counter loads this byte 
but does not start the RNG. The RNG starts when the 
LSB of the counter is loaded by the microprocessor. 

Frame Abort 

The DLC aborts an incoming D-channel frame when 
seven contiguous logical 1s are received. When this 
occurs, an "End of Receive Packet" interrupt is issued to 
the processor. DER Bit is set to a logical 1 when 
the last byte of the aborted packet is read from the 
D-Channel Receive Buffer. The "Receive Abort" inter- 
rupt can be masked by setting DMR2 Bit to a logical 0. 
With the exception of the "Packet Reception in Pro- 
gress" bit, no other bits associated with packet reception 
are updated after a receive packet abort. The receive 
frame can be aborted at anytime by setting INIT Bit 6 to 
logical 1 . Similarly, the transmit frame can be aborted by 
setting INIT Bit 7 to a logical 1 . When the transmit frame 
is aborted, seven consecutive 1 s are transmitted on the 



S Interface followed by a logical 0, and DSR1 Bit 7 is set 
to a logical 1 . Seven consecutive 1 s followed by a will 
continue to be transmitted as long as INIT Bit 7 is set to 
1 . DSR1 Bit 7 will be set after each sequence of seven 
consecutive 1s followed by 0. 

Level-2 Frame Structure 

The D-channel Level-2 frame structure conforms to one 
of the formats shown in Figure 5. All frames start and 
end with the flag sequence consisting of one followed 
by six 1s followed by one 0. A packet consists of a 
Level-2 frame minus the flag bytes. The LSB is transmit- 
ted first for all bytes except the FCS. 

The flag preceding a packet is defined as the opening 
flag. Therefore, the byte following an opening flag, by 
definition, cannot be an abort or another flag. A closing 
flag is defined as a flag that terminates a packet. This 
flag can be followed by another flag(s), interframe fill 
consisting of all 1 s or flags, or the address field of the 
next packet. In the latter case, the closing flag of one 
packet is the opening flag of the next packet. The DLC 
receiver can recognize interframe fill consisting of 
logical 1 s or flags. The DLC transmitter follows the clos- 
ing flag with interframe fill consisting of all 1's (mark 
Idle) if DMR4 Bit 4 is set to a logical 0, or all 0's (flag Idle) 
if DMR4 Bit 4 is set to a logical 1. CCITT l-series 
D-channel access protocol specifies use of mark Idle. 

When a collision is detected (mismatch of a D and E Bit), 
a complete frame must be retransmitted. For transfer 
across the S Interface, the S-interface frame structure is 
impressed upon the D-channel frame structure (LAPD). 

Zero Insertion/Deletion 

When transmitting, the DLC examines the frame con- 
tent between the opening and closing flags. To ensure 
that a flag sequence is not repeated within the flag 
boundaries of the frame, a logical bit is automatically 
inserted after each sequence of five contiguous logical 
1s. When receiving, the DLC examines the frame 
content between the opening and closing flags and 
automatically discards the first logical which directly 
follows five contiguous logical 1s. 

D-Channel Address Recognition 

The address field, shown in Figure 5, allows for three 
types of addresses: 

1. 1-byte address signified by the LSB of the first 
address byte being set to a logical 1 

2. 2-byte address signified by the LSB of the first 
address byte being set to a logical 0, and the LSB of 
the second address byte being set to a logical 1 

3. More than 2-byte address signified by the LSB of 
both the first and second address bytes being set to 
a logical 
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3 4 







1 1 1 1 1 1 






EA=0 


C/R 


SAPI 


OCTET 2 




EA=1 


TEI 


OCTET 3 



FLAG 


ADDRESS 


CONTROL 


FCS 


FLAG 


01111110 


16 Bits 
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Figure 5. Level-2 Frame Structure Formats 



In the case of the LAPD operating environments, the 
address is a 2-byte address where the first byte is analo- 
gous to the Service Access Point Identifier (SAPI) and 
the second byte is analogous to the Terminal 
Endpoint Identifier (TEI) as defined by the CCITT 
recommendations. 

The DLC is able to recognize D-channel addresses of all 
of the three types outlined above. Note that only the first 
two bytes of a more than 2-byte address can be checked 
by the DLC. There are four First Received Byte Address 



Registers (FRARs) which hold the values used to match 
against the first byte of the incoming address. Similarly, 
there are four Second Received Byte Address Registers 
(SRARs) which hold the values used to match against 
the second byte of the incoming address. 

FRAR4 defaults to FE hex; SRAR4 defaults to FF hex. 
This default is analogous to the broadcast address 
defined by the CCITT recommendations. The type of 
address recognition which is enabled is determined as 
follows: 
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If DMR4 Bit 6 is set to a logical 0, Bit 1 of the FRARs is 
ignored when matching the first incoming address byte. 
If DMR4 Bit 6 is set to a logical 1 , all bits of the FRARs 
are used when matching the first incoming address 
byte. FRAR Bit 1 is analogous to the C/R Bit defined by 
the CCITT recommendations. The address recognition 
mechanism for the four FRAR/SRAR addresses can be 
individually enabled/disabled via DMR1 bits 4-7. 

First Received Byte-Only Address Recognition 

If DMR4 Bit 5 is set to a logical 1 and DMR4 Bit 7 is set to 
a logical 0, only the first byte of the incoming address is 
compared with the values stored in the enabled FRARs. 
An interrupt is generated if there is an address match 
and the "Valid Address" interrupt is enabled. If the 
address matches, the packet will be received. 

Second Received Byte-Only Address Recognition 

If DMR4 Bits 5 and 7 are set to a logical 1 , the DLC com- 
pares only the value in the second byte of the incoming 
address with values stored in the enabled SRARs. An 
interrupt is generated if there is an address match and 
the "Valid Address" interrupt is enabled. If the address 
matches, the packet will be received. 

2-Byte Address Recognition 

If DMR4 Bit 5 is set to a logical 0, the first byte of the 
incoming address is compared with the values stored 
in the enabled FRARs, and the second byte of the in- 
coming address is compared with the value stored in the 
corresponding SRAR. An interrupt is generated if a 
match is found for both incoming address bytes with 
a FRAR/SRAR pair and the "Valid Address" interrupt 
is enabled. If the address matches, the packet will be 
received. 

Disabling Address Recognition 

If DMR1 Bits 4, 5, 6, and 7 are all set to logical 0, all 
address recognition is disabled and all addresses are 
recognized and received. In this case, the Am79C30A/ 
32A receives the first two bytes following the opening 
flag (the incoming address), and then issues an "End of 
Address" interrupt if the "End of Address" interrupt is 
enabled. 

DLC Operation 

DLC Transmit and Receive FIFOs 

The DLC Transmit and Receive FIFOs may be config- 
ured to the Normal or Extended mode of operation. 
Normal mode is fully backwards compatible with the 
Revision D or prior DSC circuit, and is activated upon 
RESET or if EFCR Bit is programmed to logical 0. In 
Normal mode the Transmit and Receive Fl FOs are each 
eight bytes in length. 

The Extended mode of Fl FO operation may be activated 
by programming EFCR Bit to a logical 1 , increasing the 



depth of the Transmit and Receive FIFOs to 1 6 bytes 
and 32 bytes, respectively. The setting of EFCR Bit to 
logical 1 also alters the available programmable FIFO 
threshold values set by DMR4 Bits 2 and 3. 

Receiving D-Channel Packets 

The receiver controls the flow of D-channel data to the 
D-Channel Receive Buffer and the termination of a 
receive packet. Up to two packets can be contained in 
the D-Channel Receive Buffer. 

After receiving an opening flag (a bit sequence of 
01111110) and one byte of data which is not an abort or 
flag on the D Channel, the DLC sets the "Packet Recep- 
tion in Progress" status bit (Bit 2) in D-Channel Status 
Register 1 (DSR1). The DLC then receives the first two 
bytes (the two address bytes). If address recognition is 
enabled, the Am79C30A/32A issues a "Valid Address" 
interrupt if a match between the programmed values 
and the received address is detected. If no match is 
detected and address recognition is enabled, the DLC 
ignores the packet. If address recognition is disabled, 
the Am79C30A/32A receives the first two bytes, issues 
an "End of Address" interrupt, and receives the packet. 
Both a "Valid Address" and an "End of Address" interrupt 
set Interrupt Register Bit 2 to a logical 1 and Bit of the 
D-Channel Status Register 1 (DSR1) to a logical 1 . The 
"Valid Address/End of Address" interrupt can be dis- 
abled via DMR3 Bit 0. There is an internal 3-byte 
delay which holds the first of the D-channel address 
bytes until the interrupt has been issued. Note that the 
incoming address bytes cannot be read however, until 
the "D-Channel Receive Byte Available" or "D-Channel 
Receive Threshold" interrupt is set. 

After the address is received, the DLC continues to 
receive D-channel bytes into the D-Channel Receive 
Buffer FIFO. The DLC issues an interrupt when data is 
available in the D-Channel Receive Buffer. This inter- 
rupt can be disabled by setting DMR3 Bit 3 to a logical 0. 
The DLC also issues an interrupt when the receive 
threshold set in DMR4 is reached. This interrupt can be 
disabled by programming a logical into DMR1 Bit 1 . By 
polling, the microprocessor can then read the D-channel 
bytes. The 3-byte delay incurred during address recog- 
nition is maintained. Therefore, the DLC receives the 
Frame Check Sequence (FCS) before issuing an inter- 
rupt to signal the last byte of the packet has been 
received and appropriate status bits have been up- 
dated. If DMR3 Bit 7 is set, the two FCS bytes at the end 
of the packet are transferred into the D-Channel 
Receive Buffer along with the data. 

The DLC issues an interrupt when the last byte of the 
packet is read from the DCRB. This interrupt can be 
disabled by setting DMR3 Bit 2 to a logical 0. 
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After the FCS is received, the DLC receiver detects the 
closing flag (a bit sequence of 01111110) and then 
terminates the packet by issuing an "End Of Receive 
Packet" interrupt (Bit 1 of DSR1) and returns to looking 
for opening flags. The DLC also terminates the packet 
when an abort, an overflow, or overrun error condition is 
detected. The "End Of Receive Packet" interrupt can be 
disabled by setting DMR1 Bit 3 to a logical 0. 

The D-Channel Receive Byte Count Register (DRCR) is 
a 16-bit wide, two-word deep FIFO which is used to re- 
cord the number of bytes in the incoming D-channel 
packets. Each count is terminated by an end-of-packet 
condition. Thus, the DRCR informs the microprocessor 
of the number of bytes, including the address bytes, 
which have been received. The counter is updated 
when the last byte of a packet is placed in the D-Channel 
Receive Buffer. When the FCS bytes are included in the 
data transferred to the D-Channel Receive Buffer, the 
FCS bytes are included in the byte count; if the FCS 
bytes are not included in the transfer, they are not in- 
cluded in the byte count. The opening flag and closing 
flag are not included in the byte count. 

The D-Channel Error and Address Status Registers are 
also double buffered. Reading the last byte of a packet 
causes the DER byte to propagate to the output of the 
FIFO and updates the D-Channel Status and Interrupt 
Registers accordingly. Reading the MSB of the DRCR 
causes the next count and associated ASR byte to 
propagate to the output of the FIFOs and updates the 
D-Channel Status and Interrupt Registers accordingly. 
For this reason it is important to read ASR, DER, and 
DSR1 prior to reading the DRCR. 

When a receive error occurs, an "End-of-Packet" inter- 
rupt is generated and the packet is terminated. When 
the last byte of the associated packet is read from the 
D-Channel Receive Buffer, the appropriate DER bits 
are set and an error interrupt is generated. All error 
interrupts can be individually masked by setting the 
corresponding bits in DMR2 to a logical 0. 

There is one 16-bit D-Channel Receive Byte Limit Reg- 
ister (DRLR). The received byte count is compared with 
the DRLR. When the byte count of the currently received 
D-channel packet exceeds the limit value, a receiver 
overflow is detected, the packet is terminated, and an 
"End-of-Packet" interrupt is issued. D-Channel Error 
Register (DER) Bit 4 is set to a logical 1 and an overflow 
interrupt issued when the last byte of the associated 
packet is read from the D-Channel Receive Buffer. The 
"Overflow Error" interrupt can be masked by setting 
DMR2 Bit 4 to a logical 0. 

The minimum packet length is five bytes for a 2-byte 
address packet (not including flags). If the packet length 
is less than the above, an interrupt is issued and DER 
Bit 5 is set to a logical 1 when the last byte of the associ- 
ated packet is read from the D-Channel Receive Buffer. 
The error interrupt can be masked by setting DMR2 Bit 5 
to a logical 0. 



If packet reception is in progress and the D-Channel 
Receive Buffer is full, the microprocessor has a maxi- 
mum of 425 us to respond to the D-Channel "Receive 
Data Available" interrupt. If the microprocessor fails to 
do so, then an overrun error occurs when the data byte 
is overwritten. When this happens, the packet is termi- 
nated. DER Bit 6 is set to a logical 1 when the last byte of 
the associated packet is read from the D-Channel Re- 
ceive Buffer. The "Overrun Error" interrupt can be 
masked by setting DMR2 Bit 6 to logical 0. 

Error indication is given if two packets have been 
received and not serviced by the user and a third packet 
is received via DSR2 Bit 2. When this error occurs, the 
third packet is terminated (not received). 

Error indication is given for a receiver abort (the recep- 
tion of seven contiguous 1s) by DER Bit 0. 

If the number of bits received between two flags is not an 
integer multiple of eight (if the received packet does not 
contain an integral number of bytes), DER Bit 1 is set 
and an interrupt is generated when the last byte of the 
associated packet is read from the D-Channel Receive 
Buffer. 

The incoming bit stream (including FCS) is run through 
the FCS generation and compare block. Upon receipt of 
the closing flag, the result is checked and must be (MSB 
first) 0001110100001111. Any other pattern indicates 
an FCS error, and DER Bit 3 is set to a logical 1 when the 
last byte of the associated packet is read from the 
D-Channel Receive Buffer. 

The DLC receiver does not assume the packet to be 
byte-aligned. The architecture supports shared flags 
between packets, interframe fill consisting of logical 1s 
(Mark idle), and interframe fill consisting of flags (Flag 
idle). Mark idle is defined as at least 1 5 or more con- 
tiguous 1s. Flag idle is defined as more than two 
consecutive flag characters, not including a closing flag. 
DSR2 Bit 5 is set to a logical 1 while Mark idle is being 
detected. DSR2 Bit 6 is set to a logical 1 while Flag idle 
is being detected. The receiver D-channel packet can 
be aborted at any time during reception by setting INIT 
Bit 6. 

Transmitting D-Channel Packets 

The DLC Transmitter is activated as soon as the 
MSB (the second byte) of the 16-bit D-Channel Trans- 
mit Byte Count Register (DTCR) has been loaded by 
the microprocessor. 

Next, the LIU starts counting the number of consecutive 
1s on the E Channel until the number of 1s defined 
by the LIU priority mechanism is detected. After the 
sequence of 1s, the DLC transmitter will begin packet 
transmission. 
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Address bytes for a transmit packet can be handled in 
two ways: they can be loaded into the transmit buffer or 
loaded into the Transmit Address Register (TAR). 

There is one 16-bit TAR which can be loaded by the 
microprocessor. The bytes loaded into the TAR are 
transmitted LSB first followed by MSB. For LAPD op- 
eration, the LSB contains the SAPI, and the MSB 
contains TEI. This 16-bit address (loaded LSB first) is 
transmitted within the address field of the D-channel 
packet if enabled by setting DMR1 Bit 2 to a logical 1 . 
If the TAR is enabled, the DTCR should be loaded with 
the number of bytes to be transmitted excluding the 
address, flags, and FCS. If the TAR is disabled, 
the DTCR should be loaded with the number of bytes to 
be transmitted excluding the flags and FCS, and the 
microprocessor must load the address to be transmitted 
as the first two bytes of the D-channel packet data. 

The DLC issues an interrupt when a position is avail- 
able in the D-Channel Transmit Buffer. This interrupt 
can be disabled by setting DMR3 Bit 5 to a logical 0. The 
DLC also issues an interrupt to the microprocessor to 
request D-channel data bytes when the D-Channel 
Transmit Buffer empties to the threshold specified in 
the D-Channel FIFO Mode Register. This interrupt can 
be disabled by setting DMR1 Bit to a logical 0. 

If the D-Channel Transmit Buffer is empty, the micropro- 
cessor has up to 375 us to respond to the D-channel 
transmit buffer interrupt. If the microprocessor fails to 
load thedata bytes in this time frame, an underrun inter- 
rupt is generated in DER Bit 7, and packet transmission 
is terminated with a transmitted abort. The "Underrun" 
interrupt can be masked by setting DMR2 Bit 7to a logi- 
cal 0. Transmission is also terminated when a collision is 
detected or LIU loss of synchronization occurs. 

The D-Channel Transmit Byte Count Register is decre- 
mented each time a byte of data is transferred from the 
D-Channel Transmit Buffer to the DLC. The count re- 
presents the number of bytes left to be transferred, 
excluding the FCS and flags. If the transmit abort bit 
(IN IT Bit 7) is set, the transmit byte count is frozen and 
indicates the number of bytes left to transfer, not the 
number of bytes transmitted. The last byte of the packet 
is determined by the D-Channel Transmit Byte Count 
decrementing to zero. When this occurs, DSR2 Bit 3 is 
set to a logical 1 . 

After the last byte of the packet is transmitted, the DLC 
adds the FCS and closing flag. Then the DLC issues an 
interrupt (Bit 6 of DSR1 ) to signify the end of the packet 
transmission. This interrupt can be masked by setting 
DMR3 Bit 1 to a logical 0, and is reset either by reading 
DSR1 or when the D-Channel Transmit Byte Count 
Register is loaded for the next packet. 

Once the D-Channel Transmit Byte Count has decre- 
mented to 0, a second packet may be loaded into the 
D-Channel Transmit FIFO. If the MSB of the D-Channel 
Transmit Byte Count Register is loaded prior to the 



"end-of-transmit packet" interrupt, the second packet 
is transmitted back-to-back with the previous packet. 
The "End-of-Transmit Packet" interrupt is not set be- 
tween the two packets. If the MSB of the D-Channel 
Transmit Byte Count Register is loaded after the "end- 
of-packef interrupt, the second packet is transmitted 
once the LIU priority mechanism has been re-satisfied. 

Collision Detection 

The Network Terminator echoes the transmitted 
D-channel data back to the DLC in the E-channel bits 
of the S-interface frame. If there is a difference between 
the data transmitted and the data echoed back, a colli- 
sion has occurred. The DLC alerts the micro proce ssor 
to this event by asserting the interrupt line (INT) and 
setting DER Bit 2. If a collision occurs during the trans- 
mission of an abort sequence, the interrupt is still 
issued. The collision detect interrupt can be masked by 
setting DMR2 Bit 2 to a logical 0. 

D-Channel Receive and Transmit Errors 
Non-Integer Number of Bytes 

A non-integer number of bytes occurs when the number 
of D-channel bits received between opening and closing 
flags is not divisible by eight. If a received packet con- 
sists of a non-integer number of bytes, the DLC sets Bit 
1 in the D-Channel Error Register (DER) to a logical 1 
when the last byte of the associated packet is read from 
the D-Channel Receive Buffer. 

Frame Check Sequence Error 

If a received packet, including its 16-bit Frame Check 
Sequence, is not received perfectly, the DLC sets DER 
Bit 3 to a logical 1 when the last byte of the associated 
packet is read from the Receive Buffer. 

Receive Packet Abort 

If seven contiguous 1s are received while receiving a 
packet, the packet will be terminated. DER Bit will be 
set to a logical 1 when the last byte of the associated 
packet is read from the D-Channel Receive Buffer. 

Overflow 

Overflow occurs when the total number of D-channel 
bytes within a packet (including, only when enabled, the 
Frame Check Sequence bytes) exceeds the limit con- 
tained in the D-Channel Receive Byte Limit Register. 
(See Receiving D-Channel Packets section.) When this 
occurs, the DLC terminates the packet, and sets DER 
Bit 4 to a logical 1 when the last byte of the associated 
packet is read from the D-Channel Receive Buffer. 

Underflow 

If a received D-channel (including FCS) packet is 
less than five bytes for a 2-byte address packet, an 
underflow error condition occurs, and the DLC sets DER 
Bit 5 to a logical 1 when the last byte of the associated 
packet is read from the D-Channel Receive Buffer. 
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Overrun 

A D-channel overrun error occurs when the receiver 
buffer is full, and another byte is received. This can hap- 
pen if the D-Channel Receive Buffer fills, and is not read 
within 425 us. When this error occurs, the DLC sets 
DER Bit 6 to a logical 1 and terminates the packet. 

Underrun 

A D-channel underrun error occurs when an empty 
D-channel buffer is transmitted. This can happen if the 
D-Channel Transmit Buffer is not loaded within 375 us 
of the D-Channel 'Transmit Buffer Empty" interrupt 



being asserted (IR Bit 0). When this error occurs, the 
DLC sets DER Bit 7 to a logical 1 and terminates the 
packet. 

Receive Packet Lost 

"Receive Packet Lost" occurs when two outstanding 
packets have been received and not serviced (the 
microprocessor has not read the DRCB register), and 
a third packet is received. When this error occurs, DSR2 
Bit 2 is set to a logical 1 and the incoming packet is 
terminated (not received). 



LC Registers 

ie DLC contains the following registers: 



Registers 


No. /Registers 


Mnemonic 


First Received Byte Address Registers 


4 


FRAR 


Second Received Byte Address Registers 


4 


SRAR 


Transmit Address Register (16-bit) 


1 


TAR 


D-Channel Receive Byte Limit Register (16-bit) 


1 


DRLR 


D-Channel Receive Byte Count Register (16-bit) (2-word FIFO) 


1 


DRCR 


D-Channel Transmit Byte Count Register (16-bit) 


1 


DTCR 


Random Number Generator Registers 


2 


RNGR 


D-Channel Mode Registers 


4 


DMR 


Address Status Register (2-byte FIFO) 


1 


ASR 


Extended FIFO Control Register 


1 


EFCR 


D-Channel Transmit Buffer Register 




DCTB 


D-Channel Receive Buffer Register 




DCRB 



iere are three other read-only accessible registers associated with the DLC: 

D-Channel Status Registers (DSR1 and DSR2) 
D-Channel Error Register (DER) (2-byte FIFO) 



Transmit Address Register— (TAR) — Read/Write 

Address = Indirect 83H 

This register contains the address of the packet to be transmitted if the TAR bit is enabled (DMR1 Bit 2). 

First Received Byte Address Register— (FRAR1-FRAR4)— Read/Write 

Address = Indirect FRAR1-FRAR3 = 81 H, FRAR4 = 8CH 

These registers contain the value to match against the first byte of the incoming address. If DMR1 Bits 4-7 are 
disabled, these registers will be ignored. 

Second Received Byte Address Register— (SRAR1-SRAR4)— Read/Write 

Address = Indirect SRAR1-SRAR3 = 82H, SRAR4 = 8DH 

These registers contain the value to match against the first byte of the incoming address. If DMR1 Bits 4-7 are dis- 
ed, these registers will be ignored. 

D-Channel Receive Byte Count Register — (DRCR) — Read 

Address = Indirect 89H 

This register determines the maximum number of bytes in a received packet. 
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D-Channel Receive Byte Limit Register— (DRLR)— Read/Write 

Address = Indirect 84H 

This register contains the total number of received bytes. 

D-Channel Transmit Byte Count Register— (DTCR) — Read/Write 

Address = Indirect 85H 

This register contains the total number of transferred bytes. 

Random Number Generator Register— (RNGR1, RNGR2) — Read/Write 

Address = Indirect RNGR1 =8AH, RNGR2 = 8BH 

These registers control the operation of the Random Number Generator. When read, they display the random number 
generated by the chip. 

D-Channel Transmit Buffer Register— (DCTB)— Write 

D-Channel transmit FIFO. 

D-Channel Receive Buffer Register — (DCRB) — Read 

D-Channel receive FIFO. 



D-Channel Mode Register 1 — (DMR1) — Read/Write 

Address = Indirect 86H 

DMR1 controls the enable/disable options for the DLC. It is under sole control of the microprocessor, and does not 
generate any interrupts. DMR1 is defined below. 



Bit Logical 1 

Enable "D-c 



Logical 



Enable "D-channel Transmit Threshold" interrupt (see IR Bit 0) 

1 Enable "D-channel Receive Threshold" interrupt (see IR Bit 1 ) 

2 Enable Transmit Address Register 

3 Enable "End of Receive Packet" interrupt (see DSR1 Bit 1) 

4 Enable FRAR1/SRAR1 

5 Enable FRAR2/SRAR2 

6 Enable FRAR3/SRAR3 

7 Enable FRAR4/SRAR4 



Disable interrupt (default value) 
Disable interrupt (default value) 
Disable Transmit Address Register (default value) 
Disable interrupt (default value) 
Disable FRAR1/SRAR1 (default value) 
Disable FRAR2/SRAR2 (default value) 
Disable FRAR3/SRAR3 (default value) 
Disable FRAR4/SRAR4 



D-Channel Mode Register 2— (DMR2)— Read/Write 

Address = Indirect 87H 

DMR2 is used to enable/disable the interrupts generated in the DER (see DER definition on page 41). DMR2 
controlled by the microprocessor, and does not generate interrupts. DMR2 is defined below. 



Bit Logical 1 



Logical (default value) 



Enable "Receive Abort" interrupt (see DER Bit 0) Disable interrupt 

1 Enable "Non-integer Number of Bytes Received" interrupt (see DER Bit 1) Disable interrupt 

2 Enable "Collision Abort Detected" interrupt (see DER Bit 2) Disable interrupt 

3 Enable "FCS Error" interrupt (see DER Bit 3) Disable interrupt 

4 Enable "Overflow Error" interrupt (see DER Bit 4) Disable interrupt 

5 Enable "Underflow Error" interrupt (see DER Bit 5) Disable interrupt 

6 Enable "Overrun Error" interrupt (see DER Bit 6) Disable interrupt 

7 Enable "Underrun Error" interrupt (see DER Bit 7) Disable interrupt 
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D-Channel Mode Register 3— (DMR3)— Read/Write 

Address = Indirect 8EH 



Logical 1 



Logical 



Enable "Valid Address/End of Address" interrupt (default value)(see DSR1 Bit 0) 

1 Enable "End of Valid Transmit Packet" interrupt (default value)(see DSR1 Bit 6) 

2 Enable "Last Byte of Received Packet" interrupt (see DSR2 Bit 0) 

3 Enable "Receive Byte Available" interrupt (see DSR2 Bit 1 ) 

4 Enable "Last Byte Transmitted" interrupt (see DSR2 Bit 3) 

5 Enable "Transmit Buffer Available" interrupt (see DSR2 Bit 4) 

6 Enable "Received Packet Losf interrupt (see DSR2 Bit 2) 

7 Enable FCS transfer to FIFO 



Disable interrupt 
Disable interrupt 
Disable interrupt (default value) 
Disable interrupt (default value) 
Disable interrupt (default value) 
Disable interrupt (default value) 
Disable interrupt (default value) 
Disable FCS transfer to FIFO 
(default value) 



D-Channel Mode Register 4— (DMR4)— Read/Write 

Address = Indirect 8FH 



Bit 

7 6 5 4 3 2 1 


Control 


Function 




XXXXXXO 


Receiver Threshold 


1 byte (EFCR Bit = 0) 
1 byte (EFCR Bit = 1) 




X X X X X X 1 




2 bytes (EFCR Bit = 0) 
16 bytes (EFCR Bit = 1) 


* 



X X X X X X 1 4 bytes (EFCR Bit = 0) 

24 bytes (EFCR Bit = 1) 



X X X X X X 1 1 8 bytes (EFCR Bit = 0) 

30 bytes (EFCR Bit = 1) 



XXXX00XX Transmitter Threshold 1 byte (EFCR Bit = 0) 

1 byte (EFCR Bit 0=1) 



X X X X 1 XX 2 bytes (EFCR Bit = 0) 

6 bytes (EFCR Bit = 1) 



X X X X 1 X X 4 bytes (EFCR Bit = 0) 

10 bytes (EFCR Bit = 1) 



X X X X 1 1 XX 8 bytes (EFCR Bit 0=0) 

14 bytes (EFCR Bit 1=1) 



X 


X 


X 





X 


X 


X X 


Interframe Fill 


Mark Idle (default value) 


X 


x 


X 


1 


X 


X 


X X 




Flag Idle 


X 


X 





X 


X 


X 


X X 


Address Recognition 


2-byte (default value) 





X 


1 


X 


X 


X 


X X 




First Received Byte only 


1 


X 


1 


X 


X 


X 


X X 




Second Received Byte only 


X 





X 


X 


X 


X 


X X 


C/R Bit Compare 


Disable FRAR Bit 1 compare (default value) 


X 


1 


X 


X 


X 


X 


X X 




Enable FRAR Bit 1 compare 



Note: The receiver and transmitter thresholds can only be changed when the Am79C30A/32A is in Idle Mode. 
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Address Status Register — (ASR) — Read Only 

Address = Indirect 91 H 



Bit Logical 1 



FRAR1/SRAR1 address recognized 

1 FRAR2/SRAR2 address recognized 

2 FRAR3/SRAR3 address recognized 

3 FRAR4/SRAR4 address recognized 
4-7 Reserved 



Logical (default value) 



No FRAR1/SRAR1 address match 
No FRAR2/SRAR2 address match 
No FRAR3/SRAR3 address match 
No FRAR4/SRAR4 address match 
Reserved 



D-Channel Status Register 1 — (DSR1)— Read Only 

DSR1 has the following format: 



Bit 


Logical 1 


Logical (default value) 





Valid Address (VA) if the address decode logic is enabled or 


No valid address 




End-of-Address (EOA) if the address decode logic is disabled 




1 


End of receive packet 


Not end of packet 


2 


Packet reception in progress 


Packet not being received 


3 


Loopback in operation at Am79C30A/32A 


No loopback in operation at Am79C30A/32A 


4 


Loopback in operation at LIU 


No loopback in operation at LIU 


5 


D-channel back-off not in operation 


D-channel back-off in operation 


6 


End of valid transmit packet 


No end-of-transmit packet or no transmission 


7 


Current transmit packet has been aborted 


No transmit packet abort 



The DSR1 bfts generate interrupts, and are set/reset under the following conditions (in addition to a hardware reset 
or Idle Mode): 



Bit Generate Interrupt Bit Set 



Bit Reset 



Yes, if DMR3 Bit = 1 



1 Yes, if DMR1 Bit 3 = 1 



No 



3 No 

4 No 

5 No 

6 Yes, if DMR3 Bit 1 . 

7 No 



Two bytes after an opening flag if a VA is 
decoded or address recognition is disabled 

When a closing flag is received 

One byte after the opening flag of any packet, 
valid or not 

When the operation is in progress 
When the operation is in progress 
When the operation is in progress 
When the closing flag is transmitted 

When seven 1s and a have been transmitted 



When the microprocessor reads 
DSR1 or associated DRCR 

When the microprocessor reads 
DSR1 or associated DRCR 

When a flag or an abort is received 



When the operation is not in progress 

When the operation is not in progress 

When the operation is not in progress 

When the microprocessor reads DSR1 or 
when DTCR is loaded 

When the microprocessor reads DSR1 or 
when DTCR is loaded 
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D-Channel Status Register 2 — (DSR2) — Read Only 

DSR2 has the following format: 



Bit Logical 1 



Logical (default value) 



Last byte of received packet 

1 Receive byte available 

2 Receive packet lost 

3 Last byte transmitted 

4 Transmit buffer available 

5 Mark idle detected (1 5 or more contiguous 1 s) 

6 Flag idle detected (more than two contiguous flags) 

7 Start of second received packet in FIFO 



Not last byte of received packet 
Receive byte not available 
Receive packet not lost 
Last byte not transmitted 
Transmit buffer not available* 
Mark idle not detected 
Flag idle not detected 
Second packet not yet in FIFO 



'Following RESET, the Transmit Buffer Available (Bit 4) is set, producing a default value of 10H instead of 00H. 



The DSR2 bits generate interrupts and are set/reset under the following conditions (in addition to a hardware reset or 
Idle Mode): 



Bit Generate Interrupt Bit Set 



Bit Reset 



Yes, if DMR3Bit2=1 

1 Yes, if DM R3 Bit 3 = 1 
2 

3 

4 

5 



Yes, if DMR3 Bit 6 = 1 
Yes, if DMR3 bit 4=1 
Yes, ifDMR3 Bit 5=1 
No 



6 No 



Yes, if EFCR Bit 1 = 1 



When last byte of a received packet is read 
from the DCRB 

When DCRB contains one or more bytes of data 

When two outstanding packets are received 
and not serviced, and a third packet is received 

When the last byte of a transmit packet is 
transferred from the DCTB 

When the DCTB is available to be loaded with a 
data byte 

When 15 contiguous one bits have been detected 
in the incoming D Channel 

When more than two contiguous flags are 
detected on the incoming D Channels not 
including a closing flag 

When start of second packet is in the 
receive FIFO 



When the microprocessor reads the 
DSR2 

When DCRB is empty 

When the microprocessor reads DSR2 

When the microprocessor reads DSR2 

When the DCTB is full 

When the first zero bit is detected on 
the incoming D Channel 

When a non-flag character is detected 
on the incoming D Channel 

When second receive packet is not 
present 
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D-Channel Error Register — (DER) — Read Only 

The DER has the following format: 


Bit Logical 1 


Logical (default value) 


Received Packet Abort 

1 Non-integer number of bytes have been received 

2 Collision Detected 

3 FCS Error 

4 Overflow Error 

5 Underflow Error 

6 Overrun Error 

7 Underrun Error 


No abort received 

Integer number of bytes received 

No error 

No error 

No error 

No error 

No error 

No error 


The DER bits generate interrupts, and are set/reset under the following conditions (in addition to a hardware reset): 


Bit Generates Interrupt Bit Set 


Bit Reset 



When the microprocessor reads the DER 
or associated DRCR 

When the microprocessor reads the DER 
or associated DRCR 

When the microprocessor reads the DER or 
when DTCR is loaded 

When the microprocessor reads the DER or 
associated DRCR 

When the microprocessor reads the DER 
or associated DRCR 

When the microprocessor reads the DER 
or associated DRCR 

When the microprocessor reads the DER 
or associated DRCR 

When the microprocessor reads the DER 
or when DTCR is loaded 



DER Bits 0,1,3, 4, 5, and 6 are set when the last byte of the associated packet is read from the D-Channel Receive 
Buffer. 

Extended FIFO Control Register— (EFCR)— Read/Write 

Address = Indirect 92H 



7 6 


5 




3 


2 


1 





Function 

















X 


X 


Bits 2-7 reserved, must be written to 










o 








X 


"Start of Second Received Packet In FIFO" interrupt disabled 
















1 


X 


"Start of Second Received Packet In FIFO" interrupt enabled 

















X 





Normal mode of FIFO operation 

















X 


1 


Extended mode of FIFO operation 



Yes, if DMR2BitO = 1 

1 Yes, if DMR2Bit1=1 

2 Yes, if DMR2Bit2 = 1 

3 Yes, if DMR2Bit3 = 1 

4 Yes, if DMR2 Bit 4=1 

5 Yes, if DMR2Bit5 = 1 

6 ' Yes, if DMR2 Bit 6 = 1 

7 Yes, if DMR2Bit7=1 



When seven consecutive 1s are received 
within a packet (DSR1 Bit 2 = 1) 

Upon error condition after closing flag 
has been received 

See section on collision detection 



If error occurs 
If error occurs 
If error occurs 
If error occurs 
If error occurs 
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Peripheral Port (PP) 

Overview 

The purpose of the Peripheral Port is to allow external 
peripherals to be connected to the DSC/IDC circuit. 
There are two basic modes of operation, Serial Bus Port 
Mode, and IOM 2 Terminal Mode. Within IOM 2 Termi- 
nal Mode, the DSC/IDC circuit may be configured as 
either an IOM 2 timing master or slave. The definition of 
the Peripheral Port pins depends on the operating mode 
of the port, as described in Table 8. 

Serial Bus Port (SBP) Mode 

The SBP Mode of operation is backwards compatible 
with the Revision D DSC circuit serial port, and is en- 
tered either following a device RESET or if programmed 
in PPCR1. 

In SBP Mode, the SCLK output provides a 192-kHz 1X 
data clock of programmable polarity. The SBIN and 
SBOUT pins support three 8-bit serial data channels, 
designated Bd, Be, and Bf. The SFS output provides an 
8-kHz serial frame sync pulse eight bit periods in width, 
coincident with the Bd channel. The SBP Mode timing is 
illustrated in Figure 6. 

Following a RESET, the SCLK and SFS outputs will 
default to a high-impedance state, which will be 



maintained until any MUX connection is programmed 
(or until the Peripheral Port is programmed to an IOM 2 
Mode). SCLK and SFS will remain in a high-impedance 
state if the Peripheral Port is explicitly disabled. The 
SCLK and SFS signals are synchronized to the received 
S-interface frame. If there is no S-interface frame 
synchronization, the SCLK and SFS signals will free- 
run at 1 92 kHz and 8 kHz respectively. 

If the DSC/IDC circuit is programmed to Idle Mode, the 
SFS output is driven Low but SCLK continues to run. In 
Power-Down Mode, both the SFS and SCLK outputs 
are high-impedance. 

IOM 2 Terminal Mode Overview 

The IOM 2 Interface standard encompasses both a 
Linecard Mode and a Terminal Mode. The Terminal 
Mode was defined to provide four functions, as follows: 

1 . Connection of multiple Layer-2 devices to a Layer-1 
device (in this case, the Layer-1 device is the S/T 
Interface LIU). Provision for the connection of 
non-IOM 2 devices is included. 

2. Programming and control of Layer-1 or Layer-2 
devices that do not have a microprocessor interface, 
for example, a U-interface transceiver. 



Table 8. Pin Operation versus Peripheral Port Modes 


Pin 




Port 


IOM 2 M 


IOM 2 M 


IOM 2 S* 


IOM 2 S* 


SBP On 


Disabled 


Activated 


Deactivated 


Activated 


Deactivated 


SBIN 


IN 


Z 


IN 


IN 


IN/OD 


OD 


SBOUT 


OUT 


Z 


OD 


Z 


OD/IN 


Z 


SCLK 


OUT 


Z 


OUT 


Low 


IN 


IN 


SFS 


OUT 


z 


OUT 


Low 


IN 


IN 


BCL/CH2STRB 


OUT 


z 


OUT 


Low 


Z 


Z 



IN = Input OUT = Output Z = High Impedance OD = Open Drain Output 

"The Am79C30A is a non-Layer 1 component when operated in the slave mode; however, it has a microprocessor interface. As a result, it is 
required to change the direction of its I/O pins at certain times in order to communicate with both the upstream Layer-1 device and any down- 
stream peripheral devices. In the IOM 2 Slave Mode, the direction of data flow is reversed with respect to the DSC circuit during Sub-frame 
and during the deactivated state. The rule is that the upstream Layer-1 device only uses Sub-frame and does not reverse its pins. Any non- 
Layer 1 component that does not contain a microprocessor interface (i.e. , program by the DSC circuit over the Monitor Channel in Sub-frame 1 ) 
uses Sub-frame to talk to the Layer-1 device and Sub-frame 1 to talk to the DSC circuit. It does not reverse its pins. 




SFS 



41 .7 (is 




125 ns 


m *\ 



Note: SBIN is sampled on the rising edge of SCLK, SBOUT is changed on the falling edge of SCLK. 

Figure 6. Serial Bus Port Mode Timing 
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3. Inter-chip communication between devices on the 
bus, for instance, data flow between the DSC circuit 
MAP and an external speech encryption device. 

4. Connection of multiple DLCs to the D Channel, 
including access arbitration. This function is referred 
to as the TIC Channel and is not applicable to the 
DSC circuit environment. 

A subset of the first three functions is implemented in the 
Revision E DSC circuit. The fourth, referred to as the 
TIC Channel, will not be implemented since it is not 
useful in the DSC circuit environment. 

The IOM 2 Terminal Mode bus consists of three IOM 2 
subframes, each containing 32 bits. This 12-byte frame 
is repeated at 8 kHz, resulting in an aggregate data rate 
of 768 kb/s. The frame structure is illustrated in Figure 7, 
and contains the following channels: 

• Two 64-kb/s data channels, labeled B1 and B2. 

• Two device programming channels, labeled Monitor 
and 1 . Each channel has an associated pair of MX 
and MR handshake bits that control data flow. 

• One 16-kb/s D Channel for signaling and data 
packets. 

• Two Command/Indicate channels, labeled C/lo, and 
C/li, to provide status and command for devices 
connected via the monitor channels. The 
Command/Indicate Channel in the first IOM 2 
subf rame consists of four bits, providing 1 6 states in 
each direction. In the second subframe the C/l 
Channel is 6 bits, providing 64 states in each 
direction. 

• Two 64-kb/s intercommunication channels, labeled 
IC1 and IC2, to provide additional interdevice 
communications bandwidth. 

All data transmitted on the IOM 2 Interface via the 
SBOUT pin is transmitted MSB first, with the exception 
of D-channel data, which is transmitted LSB first. The 
receiver operates in a compatible way via the SBIN pin. 



DSC/IDC Circuit IOM 2 Terminal Mode 
Implementation 

Data Channels 

The B1 and B2 Channels are physically the first two 8-bit 
time slots after the frame sync pulse. When making a 
MUX connection to these channels, IOM 2 Channels B1 
and B2 correspond to MUX Channels Bd and Be, 
respectively. When in an IOM 2 Mode, a MUX connec- 
tion to Channel Bf provides access to one of the two 
intercommunication channels, as selected in PPCR1 . 

Command/Indicate Channels 

The Peripheral Port supports the C/l Channels of the 
first and second IOM 2 subframes.The Peripheral Port 
monitors these two channels, and generates an inter- 
rupt any time the received data changes and is stable for 
two frames. The received data is read from C/l Receive 
Data Register or 1 , and C/l transmit data is written to 
C/l Transmit Data Register or 1 . 

D Channel 

If the Peripheral Port is configured as IOM 2 master, the 
DLC will transmit and receive D-channel data to and 
from the S Interface through the LIU. The D-channel 
data received from the S Interface is also output on the 
IOM 2 Interface. D-channel data received from the IOM 
2 Interface is disregarded. 

If the Peripheral Port is configured as IOM 2 slave, the 
DLC will transmit and receive D-channel data to and 
from the IOM 2 Interface. The LIU is not used in this 
situation, so there is no D-channel data flow between 
the DLC and LIU. 

Monitor Channels 

Support for the two Monitor Channels is provided on a 
one-at-a-time basis. A bit in Peripheral Port Control 
Register 1 selects which one of the two Monitor Chan- 
nels is utilized at any time. 



SFS 

SBIN/ 
SBOUT 



_T 



B1 



B2 



MONO 



MR, MX 



C/l 



IC1 



IC2 



MON1 



C/l 



W~M 



MR, MX 



TIC 



IOM Channel 



IOM Channel 1 



IOM Channel 2 
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Figure 7. IOM 2 Terminal Mode Frame Structure 
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Monitor Channel Procedures 

The Monitor Channel operates on an event-driven 
basis; although data transfers on the bus are synchro- 
nized to the frame sync, the flow of data is controlled 
by a handshake procedure using the outgoing MX and 
incoming MR bits. Thus, the actual data rate is not fixed, 
but is dependent upon the response speed of transmit- 
ter and receiver. Figure 8 illustrates the sequence of 
events in the monitor handshake procedure. 

Idle State 

The outgoing MX and incoming MR bits held inactive for 
two or more frames indicates that the Monitor Channel 
is Idle in the outgoing direction. 

Start of Transmission 

The PPCR1 register is programmed to select one of the 
two monitor channels. Data is then loaded into the moni- 
tor Transmit Data Register, causing the first data byte to 
be presented to the bus as well as an inactive-to-active 
transition of outgoing MX. The Monitor Channel transmit 
buffer available interrupt is also generated when data 
is placed on the bus, indicating that the next data byte 
may be written to the buffer. Outgoing MX remains 
active, and the data is repeated until an inactive-to- 
active transition of the incoming MR is received. 

Subsequent Transmission 

Following detection of the first inactive-to-active transi- 
tion of incoming MR, all following bytes to be transmitted 
will be presented to the bus coincident with an active- 
to-inactive transition of outgoing MX. The IOM 2 
specification defines a general case (Figure 8a) in 
which the transmitter waits for an inactive-to-active 
transition of incoming MR, and a maximum speed case 
(Figure 8c) in which the transmitter achieves a higher 
transmission rate by anticipating the falling edge of 
incoming MR. 

The DSC/IDC circuit Monitor Channel transmitter 
implements the maximum speed case as follows: the 
second byte is placed onto the bus at the start of 
the frame following the transition of incoming MR (High 
to Low), and a Monitor Channel transmit buffer available 
interrupt is generated. Simultaneously, outgoing MX is 
returned inactive for one frame, then reactivated. Note 
that two frames of outgoing MX inactive signifies the end 
of a message. Outgoing MX and the data byte remain 
valid until incoming MR goes inactive. The next byte is 
transmitted during the next frame, meaning one frame 
after incoming MR goes inactive. In this manner, the 
transmitter is anticipating incoming MR returning active, 
which it will do one frame time after it is deactivated, 
unless an abort is signaled from the receiver. After 



the last byte of data has been transmitted, indicated 
by the Monitor Transmit Data Register being empty and 
the end-of-transmission (EOM) bit being set in PPCR1 , 
outgoing MX is deactivated in response to incoming MR 
going inactive, and left inactive. 

First Byte Reception 

At the time the receiver sees the first byte, indicated by 
the inactive-to-active transition of incoming MX, out- 
going MR is by definition inactive. Outgoing MR is 
activated in response to the activation of incoming MX, 
the data byte on the bus is loaded into the Monitor 
Receive Data Register, and a Monitor Channel receive 
data available interrupt is generated. Outgoing MR 
remains active until the next byte is received or an end- 
of-message is detected (incoming MX held inactive for 
two or more frames). 

Subsequent Reception 

Data is received into the buffer on each falling edge of 
incoming MX, and a Monitor Channel receive data 
available interrupt is generated. Note that the data was 
actually valid at the time incoming MX became inactive, 
one frame prior to becoming active. Outgoing MR is 
deactivated at the time data is read, and reactivated 
one frame later. The reception of data is terminated by 
reception of an end-of-message indication, which is 
incoming MX remaining inactive for two or more frames. 

End-of-Transmlsslon (EOM) 

The transmitter sends an EOM in response to the EOM 
request bit being set in PPCR1 . Once the EOM bit is set, 
the EOM is transmitted as soon as the Monitor Transmit 
Data Register becomes empty. This is normally done 
when the last byte of a message has been transmitted. 
The DSC/IDC circuit transmits an EOM simply by not 
reactivating MX after deactivating it in response to MR 
going inactive. The EOM request bit in PPCR1 is auto- 
matically cleared when the EOM has been transmitted, 
indicating that the monitor transmitter is available for a 
new message. 

Abort 

An abort is a signal from the receiver to the transmitter 
indicating that data has been missed. The receiver 
sends an abort by holding MR inactive for two or more 
frames in response to MX going active. An interrupt is 
generated when an abort is received. 

Flow Control 

The transmitter is held off until the Monitor Receive Data 
Register is read, since MR is held active until the receive 
byte is read. The transmitter will not start the next 
transmission cycle until MR goes inactive. 
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MX 
MX 

MR 
MR 
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New Byte 
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Figure 8. Monitor Handshake Timing 
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IOM 2 Activation/Deactivation 

The IOM 2 Interface includes an activation/deactivation 
capability (see Figure 9). Activation and deactivation 
can be initiated from either upstream or downstream 
components on the bus. When deactivated, the 
upstream device holds all the clock outputs Low, and 
the downstream devices force their open drain data 
outputs to a High-Z state (seen as a High on the system 
bus due to the external pullup resistor). The activation/ 
deactivation procedure is a combination of software 
handshakes via the C/l Channel, and hardware in- 
dications via the clock and data lines. The IOM 2 speci- 
fication describes both the hardware and software 
protocols in detail; the hardware operation supported 
by the Am79C30A IOM 2 implementation is outlined 
below. 



DSC/IDC Circuit as Upstream Device (Clock Master) 
Deactivation 

Deactivation of the IOM 2 1 nterface from the Am79C30A 
operating as an upstream device is initiated and con- 
trolled by the microprocessor. A series of software 
handshakes via the C/l Channel must be performed 
before the hardware deactivation can take place. The 
upstream device must issue a deactivation request 
command on the C/l Channel and wait for a deactiva- 
tion indication from all downstream units. Once this is 
received, a deactivation confirmation command must be 
sent on the C/l Channel by the upstream device. The 
upstream device will then stop all clocks and hold them 
Low. On the Am79C30A, the IOM 2 clocks (SCLK, 
SFS, and BCL/CH2STRB) are stopped and forced Low 



SBIN goes Low 
Timing Request Interrupt generated 



r 



Idle 
(elks off) 




Software sets 
Activation bit 



Software sets 
Activation Bit 



Am79C30A as Upstream Device 



Software sets Activation bit 
SBIN output forced Low 



c 



(SBIN = 0) 
(elks off) 



Clock received from 
upstream; Timing Request 
interrupt generated 



(SBIN = 0) 
(elks on) 



Software clears Activation bit 



SBIN output forced to Z 




ACTIVE 
(elks on) 
V jSBIN^data)^ 



Clocks stopped by upstream device 



Am79C30A as Downstream Device 

Note: This diagram shows only the portions of the IOM 2 activation/deactivation procedures that 

are affected by the Am79C30A hardware.The C/l-channel software handshakes are not shown. 
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Figure 9. IOM 2 Activation/Deactivation 
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when the microprocessor clears the activat ion/deactiva- 
tion bit in the Peripheral Port Control Register Number 1 
(PPCR1). When this bit is cleared, the data output pin 
(SBOUT) is also forced to High-Z (seen as a High on the 
system bus due to the external pullup resistor), and the 
Am79C30A begins monitoring the data input pin (SBIN) 
for the presence of a timing request from any down- 
stream units. 

Activation 

Activation can be initiated locally by the processor or 
remotely by one of the downstream units. To activate 
local ly , the processor sets the activation/deactivation bit 
in PPCR1 (starting the clocks), and then proceeds 
through the software activation protocol on the C/l 
Channel. For remote activation, the upstream device re- 
ceives a request from the downstream device via the 
data input pin. When the data input pin (SBIN) goes 
Low, Am79C30A will generate an IOM 2 timing-request 
interrupt, Bit 6 in the Peripheral Port Status Register 
(PPSR). The processor must respond to this interrupt, 
and restart the IOM 2 clocks by setting the activation/de- 
activation bit in PPCR1. Once the clocks are running, 
the downstream device can request full activation via 
the C/l Channel using the IOM 2 software protocol. 

DSC/IDC Circuit as a Downstream Device 
(Clock Slave) 

Deactivation 

Deactivation is normally initiated by the upstream 
device as described above. When the deactivation 
request is received by the downstream device over the 
C/l Channel, the processor must respond by sending 
the deactivation indication over the C/l Channel. The 
upstream device will then send the deactivation confir- 
mation command over the C/l Channel and stop the 
IOM 2 clocks. The Am79C30A will detect that the clock 



has stopped (defined as no clock pulse received for 
650 ns) and force itself to the deactivated state. In the 
deactivated state, SBIN, and SBOUT are both forced 
to a High-Z state, and the SCLK input is monitored 
for any rising edge that would indicate an activation 
request from the upstream device. 

Activation 

Once again, activation can originate from either the 
upstream or the downstream device. To activate the 
interface from the downstream device, the processor 
sets the activation/deactivation bit in the PPCR1 regis- 
ter. This will force the Am79C30A to pull its data output 
pin (SBIN in this case, since the I/O pin definition is 
reversed when talking to the upstream device) Low, 
causing the upstream device to start the IOM 2 clocks. 
Once the clocks are running, as indicated by SCLK input 
going High, the Am79C30A will generate an IOM 2 
timing request interrupt (Bit 6 in PPSR). The processor 
must respond to the interrupt by loading the proper C/l 
command response into C/ITRDO, then clearing the ac- 
tivation/deactivation bit in PPCR1 . This will release the 
data output pin (SBIN) from being held Low and allow 
the processor to complete the activation procedure by 
sending the proper commands over the C/l Channel. 

When the activation is originated from the upstream 
device, the Am79C30A will generate an IOM 2 timing 
request interrupt (Bit 6 in PPSR) when the IOM 2 
clocks become active as indicated by the SCLK input pin 
going High. The Am79C30A will begin normal IOM 2 
transmission/reception as soon as SCLK appears; no 
intervention from the microprocessor is required. How- 
ever, the processor must respond to the interrupt and 
perform the normal C/l Channel software handshakes 
before activation will be complete. 
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Peripheral Port Registers 

The PP contains the following registers: 



Registers 


# of Registers 


Mnemonic 


Peripheral Port Control Register 


2 


PPCR1, PPCR2 


Peripheral Port Status Register 


1 


PPSR 


Peripheral Port Interrupt Enable Register 


1 


PPIER 


Monitor Transmit Data Register 


1 


MTDR 


Monitor Receive Data Register 


1 


MRDR 


C/l Transmit Data Register 


2 


CITDRO, CITDR1 


C/l Receive Data Register 


2 


CIRDRO, CIRDR1 



Peripheral Port Control Register 1 (PPCR1) Default = 01 Hex; Address = Indirect CO Hex, Read/Write 



7 


6 


5 


4 


3 


2 


1 





MONTR 
ABORT 
RQST 


MONTR 
ENABL 


MONTR 
CHANL 
SELECT 


MONTR 
EOM 
RQST 


IC 
CHANL 
SELECT 


IOM2 
ACTW 
DEACT 


PORT 
MODE 
SELECT 
BIT 1 


PORT 
MODE 
SELECT 
BITO 



4 



Function 

Monitor Channel Abort Request — This bit is automatically cleared during RESET or manually by software as 
follows: to send an ABORT message, software should set this bit, wait at least two frames, then clear the bit. 

Monitor Channel Enable — This bit only affects IOM 2 operation. When set, the selected Monitor Channel is 
enabled. When cleared, both monitor channels are disabled. Whenever the Monitor Channel is disabled, the 
Monitor Transmit and Receive Data Register (MTDR, MRDR) are updated to their default states: MTDR = FFH, 
MRDR = 00H. 

Monitor Channel Select — This bit only affects IOM 2 operation. When set, Monitor Channel 1 is used (second 
subframe). When cleared, Monitor Channel is used (first subframe). 



Monitor End-of-Message Request — When set, this bit forces the Monitor Channel transmitter to send an EOM 
once all data written into the Monitor Transmit Data Register has been transmitted. This tells the receiving device 
that the message is complete. The bit is cleared by hardware when the EOM is sent by reset or by software. 

3 IC Channel Select — This bit only affects IOM 2 operation. When set, the IC2 time slot is used (sixth octet after the 

frame sync). When cleared, the IC1 time slot is used (fifth octet after the frame sync). The unused channel is always 
placed in a high-impedance state. 

IOM 2 Activation/Deactivation Bit— This bit only affects IOM 2 operation. Note that this bit controls only the starting 
and stopping of SCLK, BCL/CH2STRB, SFS, and the state of the SBIN/SBOUT pins; this alone does not constitute 
activation or deactivation of the IOM 2 bus. The activation/deactivation procedure involves the exchange of a series 
of commands and indications over the C/l Channel. This procedure, including a state diagram, is detailed in the 
IOM 2 specification. 

IOM 2 Master Mode— This bit is set by software. When deactivated, the master will turn on SCLK, BCL/CH2STRB, 
and SFS clocks via software by setting this bit when the SBIN pin is pulled Low, indicating that a downstream device 
wishes to communicate over the interface. 

The IOM 2 activation/deactivation bit is cleared by software or reset. When cleared, the clocks are stopped, and 
SBIN is monitored for the reactivation request from the slave (SBIN held Low). [Reset defaults the Peripheral Port to 
SBP operation.] 

IOM 2 Slave Mode — This bit is set by software to initiate an activation request to the master. When set, the SBIN pin 
is driven Low, and held Low until the activation/deactivation bit is cleared by software. In response to SBIN going 
Low the master will start SCLK, which generates a timing request interrupt in the DSC circuit. The activation/ 
deactivation bit is cleared by software in response to this interrupt. 
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Peripheral Port Control Register 1 (PPCR1)— (continued) 



Function 



1-0 



Port Mode Select Field — These two bits select the configuration of the Peripheral Port as follows: 



Bit 




1 


Function 





Port disabled 


1 


SBP Mode, enabled 


1 


IOM 2 Slave Mode, enabled 


1 1 


IOM 2 Master Mode, enabled 



When the port is disabled, SBOUT, SBIN, and all port-related clocks are placed in a high-impedance state. 

When the DSC circuit is reset, this bit field is set to 01 , and the port is not enabled until a MUX MCR register is writ- 
ten to. If this bit is cleared prior to such a path being programmed, the port will remain disabled until the bit is set via 
a software write operation. 



Peripl 
Defau 



heral Port St 
ilt = Bit1=1, 



Status Register (PPSR) 
Bits 6-2 and = 0, Bit 7 is indeterminate; Address = Indirect C1 Hex, Read 



7 


6 


5 


4 


3 


2 


1 





RSRVD 


IOM-2 
TIME 
RQST 


CHNG 

IN 
C/l 1 
DATA 


CHNG 

IN 
C/IO 
DATA 


MONTR 
ABORT 
RECVD 


MONTR 

EOM 
RECVD 


MONTR 
XMIT 
BUFFR 
AVAIL 


MONTR 
RECV 
DATA 
AVAIL 



The Peripheral Port Status Register presents various status conditions to the user, and is only used in the IOM 2 
Mode. Each of these conditions can generate an interrupt to the user. The interrupts are enabled via the Peripheral 
Port Interrupt Enable Register. The state of the respective interrupt enable bits does not affect the setting of bits in 
this register. Bits 6, 3, and 2 are cleared when this register is read. Bit 1 is cleared when the Data Register is written, 
and Bit is cleared when the Data Register is read. In addition, Bits 3, 2, 1 , and are cleared when the Monitor 
Channel is disabled (via Bit 6 of the PPCR1 Register). Because Bit 7 is reserved, the default value of this register 
is either 02H or 82H. 



Bit 

6 



Function 



IOM 2 Timing Request — When the DSC circuit is the upstream device (master mode), this bit is set by hardware to 
indicate that a downstream device has requested the starting of the IOM 2 clocks. The clocks are started by software. 
This bit does not indicate the receipt of an activation request on the C/l Channel. When the DSC circuit is the downstream 
component (slave mode), this bit is set in response to SCLK starting (going High) when the bus is deactivated. 

Note: The DSC circuit will not exit Power-Down Mode in response to either a timing request or the clocks being started, if 
this interrupt is masked. It is essential that an interrupt be generated when the DSC circuit leaves Power-Down Mode. 
Otherwise, power consumption could increase significantly without the processor's knowledge. 

5 Change in C/l 1 Channel Status— This bit is set by hardware to indicate that the contents on the receive side of 

C/l Channel 1 have changed since the C/l Receive Data Register was last read. 

4 Change in C/l Channel Status— This bit is set by hardware to indicate that the contents on the receive side of 

C/l Channel have changed since the C/l Receive Data Register was last read. 

3 Monitor Channel Abort Request Received — This bit is set by hardware to indicate that an abort request has been 

received on the monitor channel. This indicates that the receiver on the other end of the Monitor Channel has failed to 
receive the transmitted data correctly, and wishes that the current transmission be discontinued, and the data transmis- 
sion repeated via software. 

2 Monitor Channel End-of-Message Indication Received — This bit is set by hardware to indicate that an EOM has 

been received on the monitor channel. This indicates that the message currently being received has concluded. 

1 Monitor Channel Transmit Buffer Available— This bit is set by hardware to indicate that a new byte of data can be 

loaded into the Monitor Transmit Data Register. 

Monitor Channel Receive Data Available— This bit is set by hardware to indicate that a byte of data has been received 

on the monitor channel and is available in the Monitor Receive Data Register. 
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Peripheral Port Interrupt Enable Register (PPIER) = 1 

Default = Write = 00 Hex, Read = Bit 7 = 1 , Bits 6-0 = 0; Address = Indirect C2 Hex, Read/Write 



7 


6 


5 


4 


3 


2 


1 





PP/MF 
INT EN 


ENABL 
I0M2 
TIME 
RQST 


ENABL 
CHNG 
IN 
C/11 
DATA 


ENABL 
CHNG 
IN 
C/IO 
DATA 


ENABL 
MONTR 
ABORT 
RECVD 


ENABL 
MONTR 

EOM 
RECVD 


ENABL 
MONTR 

XMIT 
BUFFR 

AVAIL 


ENABL 
MONTR 
RECV 
DATA 
AVAIL 



The Peripheral Port Interrupt Enable Register provides an individual interrupt-enable bit corresponding with each 
of the status conditions in the Peripheral Port Status Register. When set, the interrupt is enabled. Clearing the bit 
disables the interrupt. These bits are set and cleared by software. 



Bit 


Function 


7 


PP/MF Interrupt Enable — When set, this bit enables the Peripheral Port and Multiframing interrupts. When cleared, 
the PP and MF interrupts are disabled. 

Note: To ensure proper interrupt reporting, software must disable PP/MF interrupts when the interrupt routine is 
entered and enable them when exiting. 



Monitor Transmit Data Register (MTDR) Default = FF Hex; Address = Indirect C3 Hex, Write 



7 


6 


5 


4 


3 


2 


1 





DATA 
BIT 7 
(MSB) 


DATA 
BIT 6 


DATA 
BIT 5 


DATA 
BIT 4 


DATA 
BIT 3 


DATA 
BIT 2 


DATA 
BIT1 


DATA 
BITO 
(LSB) 



The Monitor Transmit Data Register is the user-visible portion of the Monitor Channel Transmitter Data Buffer. Data is 
written into this register by the user in response to a monitor transmit buffer available interrupt. It is then transmitted to 
the receiver on the other side of the IOM 2 bus. The MTDR is emptied when the PP is reset. 



Monitor Receive Data Register (MRDR) Defaults 00 Hex; Address = Indirect C3 Hex, Read 



7 


6 


5 


4 


3 


2 


1 





DATA 
BIT 7 
(MSB) 


DATA 
BIT 6 


DATA 
BIT 5 


DATA 
BIT 4 


DATA 
BIT 3 


DATA 
BIT 2 


DATA 
BIT1 


DATA 
BITO 
(LSB) 



The Monitor Receive Data Register is the user-visible portion of the Monitor Channel Receiver Data Buffer. Data is 
written into this register by the hardware as it is received over the monitor channel. A monitor data available interrupt is 
generated when the register is loaded. The register is overwritten by hardware only after the register has been read. 
The default on reset is 00 hex. 



C/l Transmit Data Register (C/ITDR0) Defaults OF Hex; Address = Indirect C4 Hex, Write 



7 


6 


5 


4 


3 


2 


1 





RSRVD 


RSRVD 


RSRVD 


RSRVD 


C/IO 
DATA 
BIT 3 
(MSB) 


C/IO 
DATA 
BIT 2 


C/IO 
DATA 
BIT1 


C/IO 
DATA 
BITO 
(LSB) 



The C/l Transmit Data Register is the user-visible portion of the C/l Channel transmitter. Data can be written into 
this register by the user at any time and is transmitted continuously during each subsequent frame until changed. 
The register is set to its default value, OF hex (C/l Channel idle), by reset or disabling of the Peripheral Port. 
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ive Data Register (C/IRDRO) Default = XF Hex; Address = Indirect C4 Hex, Read 



7 


6 


5 


4 


3 


2 


1 





RSRVD 


RSRVD 


RSRVD 


RSRVD 


C/IO 
DATA 
BIT 3 
(MSB) 


C/IO 
DATA 
BIT 2 


C/IO 
DATA 
BIT1 


C/IO 
DATA 
BITO 
(LSB) 



The C/l 
its defai 



Receive Data Register contains data valid for two frames from C/l Receive Channel 0. The register is set to 
ult value of XF hex by a reset or the disabling of the Peripheral Port. 



C/l Transmit Data Register 1 (C/l TDR1) Default = 3F Hex; Address = Indirect C5 Hex, Write 



7 


6 


5 


4 


3 


2 


1 





RSRVD 


RSRVD 


C/11 
DATA 
BIT 5 
(MSB) 


C/11 
DATA 
BIT 4 


C/11 
DATA 
BIT 3 


C/11 
DATA 
BIT 2 


C/11 
DATA 
BIT1 


C/11 
DATA 
BITO 
(LSB) 



The C/l Transmit Data Register 1 is the user-visible portion of the C/l Channel 1 transmitter. Data can be written into 
this register by the user at any time. It is transmitted continuously during each subsequent frame until changed. The 
register is set to its default value, 3F hex (C/l Channel idle), by reset or disabling of the Peripheral Port. 



C/l Receive Data Register 1 (C/IRDR1 ) 

Default = Bits 7 and 6 are Indeterminate, Bits 5-0 = 1 ; Address = Indirect C5 Hex, Read 





7 


6 


5 


4 


3 


2 


1 







RSRVD 


RSRVD 


C/11 
DATA 
BIT 5 
(MSB) 


C/11 
DATA 
BIT 4 


C/11 
DATA 
BIT 3 


C/11 
DATA 
BIT 2 


C/11 
DATA 
BIT1 


C/11 
DATA 
BITO 
(LSB) 



The C/l Receive Data Register 1 contains the data (valid for two frames) from C/l Receive Channel 1 . The register is 
set to its default value by a reset or the disabling of the Peripheral Port. 

Peripheral Port Control Register 2 (PPCR2) 

Default = Bits 7, 6, and = 0, Bit 5 = 1, Bits 4-1 are Indeterminate*; Address = Indirect C8 Hex, Read/Write 





7 


6 


5 


4 


3 


2 


1 







REV 
CODE 

BIT 2 
(MSB) 


REV 
CODE 
BIT1 


REV 
CODE 
BITO 
(LSB) 


RSRVD 


RSRVD 


RSRVD 


RSRVD 


SCLK 
INVRT 
ENABL 



The Peripheral Port Control Register 2 controls the inversion of the SCLK output in SBP Mode. This provides flexibility 
in the connection of peripheral devices to the DSC circuit. The hardware revision code is also contained in this register, 
which allows software to identify the revision of the hardware. 

* The default value is revision-level dependent. Revision E will report a hardware revision code of 001 . 



Bit 



Function 



7-5 Hardware Revision Code — This read-only field reports the hardware revision level. Revision E of the DSC circuit will 
report a hardware revision code of 001. 



SCLK Inversion Enable— When set, the SCLK output is inverted in SBP Mode. When cleared, the SCLK output is iden- 

tical to the Revision D DSC circuit. This bit should not be changed while SCLK is enabled. 
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APPLICATIONS 

ISDN Feature Phone 

This basic feature phone is the ISDN equivalent to the 
common analog phone. The keypad can be a simple 
four-by-four single pole switch matrix or a larger matrix 
to provide full key system features. The display option 
illustrated in Figure 10 can be included in any of the 
applications shown in this section. 



ISDN Feature Phone with Parallel and Serial Data 
Ports Plus Other Peripherals 

Access to the CCITT R reference interface is provided 
via both the serial and parallel ports in Figure 1 1 . This 
application may easily have voice capability added by 
using a DSC circuit in place of the IDC circuit. Figure 1 2 
illustrates applications with increased B-channel data 
processing requirements. 



Telephone 



Speaker 



Hook Switch 
MCLK 



RAM 



ROM 



Am79C30A DSC Circuit 



PP 
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Processor 



B-Channel 
MUX 



LIU 



MPI 



_| D-Channel 
DLC 



Surge 
Protection 



35 



Interrupt 



Microcontroller 



Power Reversal Interrupt 



1 
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36 
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Figure 10. ISDN Telephone 
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3- 
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PP 



B-Channel 
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OSC 
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D-Channel 
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S 
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Figure 11. Terminal Adaptor (V.110/V.120) With Voice Upgrade Capability 
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DMA 
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Figure 12. PC Add-On-Board (1 or 2 Data Channels) 
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ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 

Storage temperature -65°C to +150°C 

Ambient temperature 

with power applied -55°C to +125°C 

Supply voltage to ground, 

potential continuous V to +7.0 V 

Lead temperature (soldering, 10 sec) 300°C 

Maximum power dissipation 1 .5 W 

Voltage from any 

pin to Vss Vss-0.5 V to Vco + 0.5 V 

DC input/output current 

(except LS1 , LS2) 10 mA 

DC output current, LS1, LS2 only 100 mA 



Operating Ranges 

Commercial (C) devices 
Operating Vcc range with respect 

to Vss 4.75 V to 5.25 V 

Ambient temperature (T A ) 0°C to +70°C 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 



Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functional- 
ity at or above these limits is not implied. Exposure to abso- 
lute maximum ratings for extended periods may affect device 
reliability. 



DC Characteristics over Commercial operating ranges (unless otherwise specified) 



Parameter 
Symbol 


Parameter Descriptions 


Test Conditions 


Preliminary 


Unit 


Min 


Max 


Vim 




Input High Level, except XTAL2 




2.0 


Vcc + 0.25 


V 


V|H2 




Input High Level XTAL2 




0.8 Vcc 


Vcc + 0.25 


V 


V,L 




Input Low Level 




Vss -0.25 


0.8 


V 


Vol 




Output Low Level, except SBOUT 
Output Low Level, SBOUT only 


Iol = 2 mA 
Iol = 7 mA 




0.4 

0.4 


V 


Voh 




Output High Level 


Ioh = -400 uA 
= -10uA 


2.4 

0.9 Vcc 




V 


hi 




Output Leakage Current 


< VoUT < VCC 

Output in High-Z State 




±10 


uA 


In. 




Input Leakage Current 

Digital Inputs 
LIN1/LIN2 
XTAL2 


< V,N < VcC 




±10 
±200 
TBD 


uA 
uA 
uA 


G 




Input Capacitance 
Digital Input 


Temp = 25°C 
Freq = 1 MHz 




10(TYP) 


PF 


Co 




Output Capacitance 
Digital Input/Output 


Temp = 25"C 
Freq = 1 MHz 




15(TYP) 


PF 
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Table 9. Revision E Power Specifications for CCITT-Restricted Mode Phone Operation 



Parameter 
Symbol 






Preliminary 




Parameter Descriptions 


Test Conditions 


Typ 


Max 


Unit 


IccO 


Vcc Supply Current 
(Power-Down Mode) 


Vcc = 5.25 V; Vih = Vcc; V, L = Vss; Mode = 
Power-Down; Clocks & Oscillator Stopped; LIU 
Receiver Enabled; S Interface Silent (INFO 0) 


4 


5 


mW 


Li 


V/v- Sunnlv Currant 

V CC wVIWkHV will 1 Ol II 

(Idle Mode) 


Vrr - 5 25 V- Vm - Vrr' Vn - V« Mode - Idle- 
fMcu< = 384 kHz; LIU Receiver Enabled; 
S Interface Silent (INFO 0) 


20 


25 


mW 


Icc2 


Vcc Supply Current 
(Active; Call Set-Up) 


Vcc = 5.25 V; Vih = V cc ; V, L = Vss; Mode = Active, 
Data Only; fxa* = 3.072 MHz; LIU Receiver 
and Transmitter Enabled; S Interface Activated 
with Data on D Channel Only; S-interface Load 
— 50 ohms 


80 


105 


mW 


loc3 


Voc Supply Current 
(Active; Voice Mode) 


Vcc = 5.25 V; V 1H = Vcc; V IL = Vss; Mode = Active 
Voice & Data; W = 384 MHz; LIU Receiver 
and Transmitter Enabled; S Interface Activated 
with Data on D Channel and one B Channel; 
S-interface Load = 50 ohms; AINA = -15 dBmO, 
1-kHz Sine Wave; EAR1/EAR2 = -15 dBmO, 
1-kHz Tone Driving 600 ohms 


155 


190 


mW 


Icc4 


Vcc Supply Current 
(Active; Ringing, No Load*) 


Vcc = 5.25 V; Vih = Vcc; V,l = Vss; Mode = Active, 
Data Only; fMcu< = 384 kHz; LIU Receiver 
and Transmitter Enabled; S Interface Activated 
with Data on D Channel Only; S-interface Load 
= 50 ohms; Secondary Tone Ringer Enabled at 
dB, 400 Hz, No Load 


125 


150 


mW 



Note: All power measurements assume PP disabled or in IOM 2 Deactivated Mode. 
•Power Consumption with the output loaded will be l cc 4 + ( v °"^ P eak ) (Vcc ) 

Rload 

For Rload = 50 ohms and Vout = -12 dB (625 mV, peak), the maximum power consumption will be 215 mW. 



AC Characteristics 

Vcc = 5 V +5%; Vss = V; Ta = 0°C to 70°C; MCLK = 3.072 MHz 



MAP Analog Characteristics (Am79C30A Only) 



Parameter 
Symbol 


Parameter Descriptions 


Test Conditions 


Preliminary 


Unit 


Min 


Typ 


Max 




ZlN 


Analog Input Impedance 
AINA or AINB to AREF 


-1.25 V<V,n< +1.25 V 
fi N < 4 kHz 


200 






Kohm 




V,os 


Allowable Offset Voltage 
at AINA or AINB 


with respect to AREF pin 


-5 




+5 


mV 




Lls 


Allowable Load LS1 to LS2 






Rload > 40 ohms 

and 

Cload< 100 pF 








Lear 


Allowable Load EAR1 to EAR2 






Rload > 540 Ohms 

and 

Cload< 100 pF 








LaREF 


Allowable Load AREF to Vss or Vcc 






Rload > 1 Kohm 
and 

Cload< 100 pF 






Varef 


Analog Reference Voltage 




2.25 


2.4 


2.55 


V 
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MAP Transmission Characteristics 
(Am79C30A only) 

The half channel parameters are specified from AINA 
or AINB input pins to a B Channel for the transmit path, 
and from a B Channel to EAR1/EAR2 or LS1/LS2 
pins measured differentially for the receive path. The 
parameters are applicable for both A- or u-law conver- 
sion. (A-law assumes psophometric filtering, and u-law 



assumes c-message weighting.) All parameters are 
specified with the GR, X, R, GX, and GER filters 
disabled; STG filter is enabled but is programmed for 
infinite attenuation. 

All limits are guaranteed for Vco = 5 V±5%, T A = 0°Cto 
70°C, and programmable filters/gains disabled (0 dB, 
flat) unless otherwise indicated. 



MAP Transmission Characteristics (Am79C30A Only) 



Para met 


er 


Parameter Descriptions 


Test Conditions 


Preliminary 


Unit 


Min 


Typ 


Max 


TXG1 


Transmit Absolute Gain (Nominal) 


OdBmO; 1020 Hz; 
Vcc = 5 V; T = 25°C 


-0.30 




+ 0.30 


dB 


TXG2 


Transmit Gain Variation 
vs Temperature and Voc 


OdBmO; 1020 Hz 


-0.25 




+0.25 


dB 


TXG3 


Transmit Gain Variation 
vs Programmed Gain in GX 


OdBmO; 1020 Hz 


-0.15 




+0.15 


dB 


TXG4 




Transmit Gain Variation 
vs Programmed Gain in GA 


OdBmO; 1020 Hz 


-0.25 




+ 0.25 


dB 






Receive Absolute Gain 
at EAR1/EAR2 (Nominal) 


dBmO; 1 020 Hz; Vcc = 5 V; 
T = 25°C; Rload > 540 ohms 


-0.30 




+ 0.30 


dB 


RXG1I 




Receive Absolute Gain 
at LS1/LS2 (Nominal) 


dBmO; 1 020 Hz; Vcc = 5 V; 
T = 25°C; Rload > 40 ohms 


-0.50 




+0.50 


dB 


RXG2 




Receive Gain Variation 
vs Temperature and Vcc 


OdBmO; 1020 Hz 


-0.25 




+ 0.25 


dB 


RXG3 




Receive Gain Variation 

vs Programmed Gain in GR and GER 


OdBmO; 1020 Hz 


-0.25 




+ 0.25 


dB 




TXF 




Transmit Frequency Response 
(Attenuation vs Frequency Relative to 
-10 dBmO at 1020 Hz) — see Figure 13 


*50 Hz-60 Hz 
< 300 Hz 
0.3 kHz-3.0 kHz 
3.0 kHz-3.4 kHz 
3.4 kHz-3.6 kHz 
3.6 kHz-3.9 kHz 
3.9 kHz-4.0 kHz 


24.0 
-0.25 
-0.25 
-0.25 
-0.25 
0.0 
9.0 




+0.25 
+ 0.9 


dB 

Ob 

dB 
dB 
dB 
dB 
dB 


RXF 




Receive Frequency Response 
(Attenuation vs Frequency Relative to 
-10 dBmO at 1020 Hz)— see Figure 17 


< 300 Hz 
0.3 kHz-3.0 kHz 
3.0 kHz-3.4 kHz 
3.4 kHz-3.6 kHz 
3.6 kHz-3.9 kHz 
3.9 kHz-4.0 kHz 


-0.25 
-0.25 
-0.25 
-0.25 
0.0 
9.0 




+0.25 
+0.9 


dB 
dB 
dB 
dB 
dB 
dB 


TXD 




Transmit Group Delay Variation 
vs Frequency at -10 dBmO Relative 
to Minimum Delay Frequency — see 
Figure 14 


500 Hz-600 Hz 
600 Hz-1000 Hz 
1 .0 kHz-2.6 kHz 
2.6 kHz-2.8 kHz 






750 
380 
130 
750 


lis 
lis 
us 
us 


RXD 




Receive Group Delay Variation 
vs Frequency at -10 dBmO Relative 
to Minimum Delay Frequency — see 
Figure 18 


500 Hz-600 Hz 
600 Hz-1000 Hz 
1 .0 kHz-2.6 kHz 
2.6 kHz-2.8 kHz 






750 
380 
130 
750 


us 
us 
us 
us 


TXSTt 




Transmit Signal/Total Distortion vs 
Level; CCITT Method 2, 1020 Hz 
(Transmit Gain = OdB) — see Figure 1 6 


to -30 dBmO 
-40 dBmO 
-45 dBmO 


35.0 
29.0 
24.0 






dB 
dB 
dB 


RXSTD 


Receive Signal/Total Distortion vs 
Level; CCITT Method 2, 1020 Hz 
(Transmit Gain = OdB) — see Figure 20 


to -30 dBmO 
-40 dBmO 
-45 dBmO 


35.0 
29.0 
24.0 






dB 
dB 
dB 



'Measured with the high pass filter and auto-zero enabled in MMR2. 
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MAP Transmission Characteristics (Am79C30A Only)— (continued) 



Parameter 
Symbol 






Preliminary 




Parameter Descriptions 


Test Conditions 


Min 


Typ 


Max 


Unit 


TXGT 


Transmit Gain Tracking vs Level; 
CCITT Method 2, 1020 Hz (Transmit 
Gain = dB) — see Figure 1 5 


+3 to -40 dBmO 
-40 to -50 dBmO 
-50 to -55 dBmO 


-0.3 
-0.6 
-1.6 




+ 0.3 
+ 0.6 
+ 1.6 


dB 
dB 
dB 


RXGT 


Receive Gain Tracking vs Level; 
CCITT Method 2, 1020 Hz (Receive 
Gain = dB) — see Figure 19 


+3 to -40dBm0 
-40 to -50 dBmO 
-50 to -55 dBmO 


-0.3 
-0.6 
-1.6 




+ 0.3 
+ 0.6 
+ 1.6 


dB 
dB 
dB 


TXICN 


Transmit Idle Channel Noise 
AINA or AINB Connected 
to AREF 


GX = dB, GA = dB 
GX = 6 dB, GA = dB 
GX = 6 dB, GA = 6 dB 
GX = 6dB, GA = 1 2 dB 
GX = 6dB, GA = 1 8 dB 




-82 
-79 
-76 
-73 
-70 


-78 
-75 
-72 
-69 
-66 


dBmO 
dBmO 
dBmO 
dBmO 
dBmO 


RXICN 


Receive Idle Channel Noise 


GR = dB, GER = dB 
GR = -12dB, GER = dB 




-90 
-80 


-85 
-75 


dBmO 
dBmO 



*Me 



ured with the high pass filter and auto-zero enabled in MMR2. 



Notes; The following test conditions apply to all MAP tests: 

1. An external 1-Kohm ±5% resistor and 2200-pF ±10% capacitor are connected in series between the CAP1 and CAP2 pins for all 
transmit tests. 

2. All tests are half-channel with the sidetone path enabled but programmed for infinite attenuation (STG = 90O8 hex). 

3. Transmit specs are guaranteed for both AINA and AINB inputs with the auto-zero and high-pass filters enabled in MMR2. 

4. Transmit specs are tested and guaranteed with the input signal source referenced to AREF; see test circuit below. 

5. Receive specs are guaranteed for both EAR1/EAR2 and LS1/LS2 outputs measured differentially. Some degradation in 
performance may occur if used single ended rather than differential. 



Transmitter 0-dB Reference Point: 

Nominal input voltage at AINA or AINB will produce a 0-dBm, 1 -kHz digital code at the transmit output with all transmit gains 
at dB. 

A law = 625 mV rms 
ulaw = 620 mV rms 

Receiver 0-dB Reference Point: 

Nominal output voltage between EAR1/EAR2 or LS1/LS2 resulting from a 0-dBm, 1-kHz digital code at the receive input with 
all receive gains at dB. 

A law = 1 .25 V rms 
H law = 1 .2 V rms 



0.1 u.f 

HI • AINA or AINB 

e 100K 
4 AREF 



Transmit Test Circuit with Input Source Referenced to AREF 
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Figure 13. Attenuation/Frequency Distortion (Transmit) 
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Figure 14. Group Delay Variation with Frequency (Transmit) 
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Figure 15. Gain Tracking Error (Transmit) (CCITT Method 2 at 1020 Hz) 
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Figure 16. Signal-to-Total Distortion Ratio (Transmit) (CCITT Method 2 at 1020 Hz) 
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Figure 17. Attenuation/Frequency Distortion (Receive) 
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Figure 18. Group Delay Variation with Frequency (Receive) 
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Figure 19. Gain Tracking Error (Receive) (CCITT Method 2 at 1020 Hz) 
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Figure 20. Signal to Total Distortion Ratio (Receive) (CCITT Method 2 at 1020 Hz) 
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LIU Characteristics 



All of the parameters below are measured at the chip terminals and are consistent with 2:1 transformers. 



Parameter 
Symbol 


Parameter Descriptions 


Preliminary 


Unit 


Min 


Typ 


Max 




VLOUT 


Output mark amplitude measured between L0UT2 and L0UT1 (Note 1) 


2.210 


2.326 


2.442 


V 




VUN 


Receivable input level measured between LIN2 and LIN1 , with noise 
added as specified by CCITT 1. 430 section 8.6.2.1 (Note 2) 


530 




1800 


mV 

[TIV 




ZoUT 


Output impedance measured between LOUT2 and LOUT1 
spacing condition 


20 






Kohm 




Zm 


Input impedance measured between LIN2 and LIN1 


20 






Kohm 




J 


Timing extraction jitter on LOUT 


-7 




+ 7 


% 




PD 


Total phase deviation (LOUT with respect to LIN) 


-7 




+ 15 


% 




PU 


Pulse unbalanced measured between LOUT2 and LOUT1 (Note 1 ) 


-5 




+5 


% 




PW 


Output pulse width measured between LOUT2 and LOUT1 (Note 1) 


4.7 


5.2 


5.7 


US 



Note 1 . See the equivalent test load circuit and pulse template in Figures 22 and 23. 

Note 2. The 530-mV receive input level is equivalent to 9.0 dB of attenuation from a nominal transmit level when measured at 
the LIN pins. Allowing 0.5-dB loss in the isolation transformer, and 1 .0-dB loss in the input isolation resistors, this level 
will guarantee compliance to the CCITT receiver sensitivity spec of 7.5 dB when measured at the S reference point. 

Note 3. Typical receiver performance is 220 mV. 
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LOUT2 + 


LOUT! 




LIN1 




LIN2 



FU 



2 : 1 



VlOUT 



E 



(s-reference) 



R 3 
-Wr 



2 : 1 



-WV- 

R4 



v (s-reference) 



V (s*i»i,c.): Transmitter output at the S-interface reference point. 
Rl is the termination impedance at the S Interface. 
C L is the effective capacitance at the S Interface. 

Ri and R 2 are the transmitter output series resistors; their value depends upon the characteristics of the pulse transformer (see 
Rs and R* are required for multipoint operation to prevent loading of the line when power is removed from the terminal. 

Figure 21 . System Interface to LIU 



09893E-024 



below). 



LOUT2 + 



LOUT1 - 
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— 



* 1 
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C L = 200 pF 




50% 



50 ohms 



09893E-025 



Pu=^ High Mark - | ^ 



Low Mark 



Low Mark 
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Figure 22. Equivalent Test Figure 23. Differential Output Signals 

Load Conditions Between LOUT2, and LOUT1 (Using the Test 

Circuit in Figure 23) 
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, Wv— , 

< Rl • N 2 



Rsec is the DC impedance of the transformer secondary (IC side of transformer). 
Rprim is the DC impedance of the transformer primary (line side of transformer). 
Rcord is the DC impedance of the TE connecting cord; typically 4-6 ohms. 
N is the transformer turns ratio (N = 2 for Am79C30A/32A). 
Rl is the S-interface line impedance (SO ohms). 

Ilout is the desired load current for the CCITT transmission templates (7.5 mA for 50-ohm line). 
VLouris the nominal output voltage from the DSC/IDC line driver. 

Figure 24. Equivalent DC Circuit at LOUT Pins for calculation of Ri and R 2 
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Series Resistor Calculations 



Ilout = 



Vlout 



Ri + R 2 + Rsec + (Rprim • N 2 ) + (Rl • N 2 ) + (Rcord • N 2 ) 



Ri + Ra = (Vlout) - Rsec - (Rprim • N 2 ) - (Rl • N 2 ) - (Rcord • N 2 ) 
(Ilout) 

Let Ri = R 2 

Ri = R2 =7 { - Rsec - (Rprim • N 2 ) - (R L . N 2 ) - (Rcord • N 2 )} 

N = 2 

Rl = 50 ohms 
Vlout = 2.326 V 
Ilout = 7.5 mA 

Ri = R 2 = 55.067 - 1/2 { Rsec + (4 • Rprim) + (4 • Rcord)} 

This equation should be used to determine the value of Ri and R 2 for the particular transformer used by each 
customer. 
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Microprocessor Read Timing 
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Param 


eter Parameter 








Symbt 


>l Description 


Min 


Max 


Units 


tRLHH 


RD Pulse Width 


200 




ns 


tRHRL 


Read Recovery Time (Notes 1, 2) 


200 




ns 


twRL 


Address Valid to RD Low 


20 




ns 


Uhrh 


Address Hold After RD High 


10 




ns 


tRHCH 


RD High to CS High (Note 7) 







ns 


tRACC 


Read Access Time (Note 3) 




80 


ns 


tRHDZ 


RD High to Data Hi-Z 




50 


ns 


tRDCS 


RD Low to CS Low (Note 4) 




30 


ns 



Microprocessor Write Timing 



Parameter Parameter 
Symbol Description 



Min 



Max 



Units 



twLWH 
twHWL 
tAVWL 

Uhwh 

twHCH 
tDSWH 
tDHWH 
twRCS 



WR Pulse Width 

Write Recovery Time (Note 1) 

Address Valid to WR Low 

Addess HoldAfter WR High (Note 8) 

WR High to CSHigh (Note 7) 

Data Setup to WR High 

Dat a Hold After WR High 

WR Low to CS Low (Note 4) 



200 
200 
20 
10 


100 
10 



30 



ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 



Note 1 : The read/write recovery time of 200 ns holds in all cases except when a write command register operation is followed by a read data 
register operation when accessing the MAP coefficient RAM. This operation requires a minimum recovery time of 450 ns. 

Note 2: Successive reads of the D-Channel Receive Buffer require a minimum cycle time (Irlrh + tRHRL) of 480 ns. 

Note 3: Read access time is measured from the falling edge of CS or the falling edge of RD, whichever occurs last. 



Note 4: CS may go Low before either RD or WR goes Low. 

Note 5: n minimal systems, CS may be tied Low. 

Note 6: Read and write indirect register operations cannot be mixed without at least one write command register operation between them. 
Note 7: CS may go High before either RD or Wfi goes High. 

Note 8: If CS goes High before WR goes High, the minimum Address Hold time becomes 12 ns. 

Note 9: RD and WR pulse width, Address setup and hold, and Data setup and hold timing are measured from the points where both CS and RD or 
WR are Low simultaneously. 
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cs ~\ 
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tlMCC 
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Write 
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Figure 25. Microprocessor Read/Write Timing 



Interrupt Timing 


Parameter Parameter 
Symbol Description 


Min 


Max 


Units 


tiNTC INT Cycle Time 
tpEc INT Recovery Time 


125 
500 




US 
ns 



INT 



• tlNTC ■ 



y 



\ 
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Figure 26. INT Timing 
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Reset and Hookswitch Timing 

Reset Timing 


Parameter Parameter 
Symbol Description 


Min 


Max 


Units. 


tes Reset Pulse Width 
tpHRL Power Stable to Reset Low 
tF Reset Transition Fall Time 
tR Reset Transition Rise Time 


1 
1 


1 

20 


US 
US 
ms 


Hookswitch Timing 


Parameter Parameter 
Symbol Description 


Min 


Max 


Units 


tB Debounce Time 

ti HSW Detected to INT Delay 


16 



16.25 
370 


ms 
US 


Note: Due to clock start-up times, the hookswitch Min and Max Debounce times are approximately 3 ms greater in Power-Down 
Mode. 



4.75 V 




tpHRL 



V,„ 



RESET 



■* — ► 




Figure 27. Reset Timing 
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INT 



4 — ► 



\ / 
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Figure 28. Hookswitch Debounce Timing 
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OSC (XTAL2) Timing 


Parameter 


Parameter 


Test 


Mfn 






Symbol 


Description 


Conditions 


Max 


Units 


tcLCL 


Oscillator Period 




81.374 


81.387 


ns 




High Time 




33 




ns 




Low Time 




33 




ns 


tcLCH 


Rise Time 






10 


ns 


tcHCL 


Fall Time 






10 


ns 



Frequency = 12.288 MHz ±80 ppm. 

MCLK Timing 



Parameter Parameter 
Symbol Description 



Test 

Conditions 



Min 



Max 



Units 



IFALL1 
tpAiL 



XTAL2 Vco/2 to 
MCLK Voc/2 

Rise Time 



Rise Time 



Fall Time 



Fall Time 



High Pulse 
Width 



Low Pulse 
Width 



12.288 MHz 
6.144 MHz 
4.069 MHz 
3.072 MHz 
1 .536 MHz 
768 kHz 
384 kHz 

12.288 MHz 
6.144 MHz 
4.096 MHz 
3.072 MHz 
1.536 MHz 
768 kHz 
384 kHz 



MCLK Load<80pF 

MCLK Load <80pF 
0.5Vto(Vcc-0.5V) 

MCLK Load<40pF 
1.0 V to 3.5 V 

MCLK Load <80pF 
(Vc.r-0.5V) to 0.5 V 

MCLK Load<40pF 
3.5 Vto 1.0 V 

MCLK Load <80pF 



MCLK Load<80pF 



33 
73 
114 
155 
317 
643 
1.294 

33 
73 
114 
155 
317 
643 
1.294 



60 
15 
5 

15 
5 



ns 
ns 
ns 
ns 
ns 
ns 
us 

ns 
ns 
ns 
ns 
ns 
ns 
us 




^ 0.5V ? 




to. 




< 




— ♦ 






•NotTTL V, H 
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Figure 29. External Clock Driver (XTAL2) Timing 
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Vcc/2 



Divide by 1 
12.288 MHz 



Divide by 2 
6.144 MHz 



Divide by 3 



k096 



MHz 



Divide by 4 
3.072 MHz 
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tFALL 1,2 »| 



tpWL " 



■ tmse 1 



' tpWH 
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Figure 30. OSC/MCLK Timing 



SBP Mode Timing 



Parameter 



Parameter 



Test 



Symbo 


Description 


Conditions 


Min 


Max 


Units 


Tp* 


SCLK 




5.025 


5.392 


us 


Ta 


High time 




2.594 


2.615 


us 


Tb* 


Low time 




2.431 


2.777 


lis 


tRISE 


SCLK rise time 


SCLK Load <80pF 




20 


ns 


tFALL 


SCLK fall time 


SCLK Load < 80pF 




20 


ns 


tMCSC 


MCLK to SCLK 


MCLK Load <80pF 




60 


ns 




@6.144 MHz 


SCLK Load < 80pF 








tcHFS 


SCLK High to 
frame sync 


50 


250 


ns 


tcLDO 


SBOUT 


SBOUT/SFS 


50 


250 


ns 




Data available 


Load = 80 pF 








tDICH 


SBIN set-up time 


200 




ns 


tcHDZ 


SBIN hold time 









ns 



* The frequency of SCLK is fxTAL2 /64. Tp and Tb are based on this SCLK frequency, but include a ±1 63-ns allowance for 
internal phase lock loop correction. 
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Ta 

-Hh- 



Tb 



Tp 



SCLK 



SBINor SBOUT 



jijwljijijwlj^^ 

I)OC><X>OC>C^^ 



Bd 



Be 



Bf 



SFB 



J 








Tl 


— 1 



r 



r 



' T1 



-H 



Notes: 1. 
2. 



ForPPCR2(0) = 0, SBIN data is sampled on the rising edge of SCLK, SBOUT data is changed on the falling edge of SCLK. 
For PPCR2(0) = 1 , SBIN data is sampled on the falling edge of SCLK; SBOUT data is changed on the rising edge of SCLK. 
T1 width is eight SCLK periods. 

09893E-034 

Figure 31. SBP Mode Timing 



MCLK (6.144 MHz) 



SCLK (192 KHz) 



*SFS (8 kHz) 



SBOUT 



SBIN 



tMCSC 



< — ► 



> 



tDICH 



tcHDZ 



y 



tchR 



«4— ► 



> 



Note 1 . CH2STRB timing is identical to SFS timing, but delayed by eight SCLK cycles. 
Note 2. This timing diagram reflects SCLK for PPCR2(0)=0. For PPCR2(0)=1 , the diagram is identical 
except that the SCLK waveform should be inverted. 

Figure 32. SBP Mode MCLK/SCLK/SFS Timing 
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IOM 2 Master Mode Timing 


Parameter 


Signal 


Abbr 


Test 
Condition 


Min 


Max 


Units 


Data Clock Rise/Fall 


SCLK 


tn.tr 


C L =150pF 




50 


ns 


Clock F 


eriod 


SCLK 


tsCL 


1.536 MHz 

+ 1 nn PPM 
x i uu r r ivi 

±163 ns* 


487 


815 


ns 


Pulse V 


Vidth 


SCLK 


twK, 
twL 




260 




ns 


Frame Sync 


SFS 


tn,t F 


Cl=150 pF 




50 


ns 


Frame Sync Setup/Clock 


SFS 


W 


C L =150 pF 


50 




ns 


Frame 


Sync Delay/Clock 


SFS 


ten 
IFD 


C - 1 5(1 nF 


o 




ns 


Frame 


Sync Hold/Clock 


SFS 


tFH 


C L =150 pF 


50 


twL+50 


ns 


Frame Delay 


SFS 


tDF 


C L =150 pF 


— twL 


50 


ns 


Data Delay/Clock 


SBOUT 


tosc 


C L =150pF 




100 


ns 


Data Hold/Clock 


SBOUT 


tDHC 


C L =150pF 


70 




ns 


Data Setup 


SBIN 


Uo 




tvm + 20 




ns 


Data Hold 


SBIN 


tHD 




50 




ns 


IOM 2 Slave Mode Timing 


Parameter 


Signal 




Abbr 


Min 


Max 


Units 


Data Clock Rise/Fall 


SCLK 




tn.tr 




60 


ns 


Clock F 


requency (1/period) 


SCLK 




1Ascu< 


1 .536 MHz 
±100 PPM 
±163 ns* 




Hz 


Clock Delay High/Low 


BCL 




tBUi, tBHL 




30 


ns 


Pulse Width 


SCLK 




twH, twL 


240 




ns 


Frame 


Sync Rise/Fall 


SFS 




tR.tF 




60 


ns 


Frame 


Set-up 


SFS 




UF 


70 




ns 


Frame 


Hold/Clock 


SFS 




tFH 


20 




ns 


Frame 


Delay/Clock 


SFS 




tFD 







ns 


Frame 


Width High 


SFS 




twFH 


130 




ns 


Frame 


Width Low 


SFS 




twFL 


tsCLK 




ns 


Data Delay/Clock 


SBOUT 




tDSC 




100" 


ns 


Data Hold/Clock 


SBOUT 




tmo 


70 




ns 


Data S 


3t-U P 


SBIN 




tsD 


twH + 20 




ns 


DataH 


old 


SBIN 




tHD 


50 




ns 



*The ±1 63-ns value can occur once per frame for digital phase lock loop correction. 
**C=150 pF 
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SCLK 
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Detail a 
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< twH • 



tBLH tBHL 



• tscu 



tpH* 



K 



■ twFH ■ 



< 



tDSC 



< 



Detail a 



In Master Mode, SFS is 16 SCLK cycles + set-up time + hold time in length 
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> 
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Figure 33. IOM 2 Timing 
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Switching Test Conditions 



(Input) 



2.4 V 



0.45 V 



X2.0V w ^ 2.0 V X-/ 
> Testp ° ints < x 
MI 08V -A \ 



09893E-037 



Note: AC testing inputs are driven at 2.4 V tor a logical 1 , and 0.45 V for a logical 0. Timing measurements are made at 2.0 V and 
0.8 V for a logical 1 , and a logical 0, respectively. 

Figure 34. Switching Test Input/Output Waveform 




C L = 80 pF 



Cl Includes Jig Capacitance 
Figure 35. Switching Test Load Circuit 
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KEY DESIGN HINTS FOR THE DSC/IDC CIRCUIT 

Due to the high level of integration of the Am79C30A/ 
32A DSC/IDC circuit, it is easy to overlook important 
design information when reading the data sheet. The 
following list of key design hints has been compiled to 
streamline the design process. A comprehensive series 
of ISDN application notes and tutorials is available from 
Advanced Micro Devices; please contact an AMD sales 
office or factory for current information. 

■ The AREF pin must be used to bias the AINA and 
AINB inputs. There is a datasheet parameter, Vios, 
which states that the analog inputs must be biased to 
within 5 mV of AREF. AREF is nominally 2.4 V; nor- 
mal device-to-device variation will exceed the 5-mV 
Vios specification. If a voltage other than AREF is 
used, transmission performance at very low signal 
levels will be degraded. 

■ The recommended method of biasing the AINA and 
AINB inputs is to use a 15-100 Kohm resistor be- 
tween the input and AREF. The signal source should 
be AC-coupled to the analog input. Take care that the 
RC formed by the biasing resistor and blocking 
capacitor does not distort the input signal. 

■ The AREF output must not be loaded with a capacitor, 
since it may cause the internal buffer amplifier to be- 
come unstable. For some applications involving 

gnificant gain external to the DSC circuit, the AREF 
utput may require a simple RC noise filter. In this 
the AREF output should be isolated from the 
icitor by a resistance of greater than 1 Kohm to 
ensure stability. 

■ The analog gain selection value (in MMR3) should be 
written before the MAP is enabled. 

■ The MAP auto-zero function (MMR2) should be 
enabled before the MAP is enabled. 

■ The DSC/IDC circuit should be provided with de- 
coupling capacitors, situated as close as possible to 
the package power leads. In general, 0.1 -u.F ceramic 
capacitors are sufficient, but bulk decoupling capaci- 
tors will be required if the LS1 and LS2 loudspeaker 
outputs are driving a heavy load. 

■ The DSC/IDC circuit is constructed on a single 
substrate, and therefore the device power pins must 
not be from separate supplies. If there is a DC off- 
set between the analog and digital power-supply 
pins, excessive current may flow through the device 
substrate. 

■ The LS1 , LS2, EAR1 , and EAR2 outputs are intended 
to be used differentially. Although it is possible to use 
only a single output, the rejection of power-supply 
noise and internal digital noise is improved if the 
outputs are used differentially. 

■ Be certain to observe the maximum loading speci- 
fication for the LS and EAR outputs. When used 



differentially, the EAR outputs must see a minimum of 
540 ohms between them. Similarly, the LS outputs 
must see a minimum of 40 ohms. The maximum 
capacitive loading in either case is 100 pF. 

The LS and EAR outputs need not be matched to the 
load. The LS and EAR outputs are voltage drivers, 
and do not assume the presence of any particular 
load impedance. If the maximum loading specification 
is met, the LS and EAR outputs will function satis- 
factorily. In some cases, an external resistor may 
be used to center the desired output volume — for 
instance, while driving a 150-ohms earpiece with the 
EAR outputs. 

If using an EAR or LS output in a single-ended fash- 
ion, AC-couple the pin to the load. If not, the excessive 
DC current will cause signal distortion. 

When using programmable gains and filters in the 
MAP, consider the dynamic range effects such as 
truncation error and clipping. In case of questions in 
any particular application, please contact the AMD 
applications staff for assistance. 

All MAP tone generators are referenced with respect 
to the +3-dBmO overload voltage — that is, a 0-dB tone 
yields a +3-dBm0 output. Take care to avoid clipping 
when adding tones to signals as, for example, when 
generating DTMF waveforms. 

The RC connected to CAP1/CAP2 must be situated 
as close as possible to the DSC circuit package to re- 
duce the amount of noise coupled in from other signal 
traces. 

Observe the XTAL2 frequency accuracy requirement 
of 1 2.288 MHz ± 80 ppm. Since crystals from different 
manufacturers will vary, the DSC circuit oscillator 
output frequency at the MCLK pin must be measured 
and, if necessary, the value of the crystal load capaci- 
tors should be adjusted as part of the initial design 
procedure. An application note of oscillator consid- 
erations is available from AMD (ISDN System Engi- 
neering Application Note, order #12557). 

If driving the XTAL2 pin with the external oscillator, it 
is necessary to observe the datasheet input voltage 
and rise/fall time requirements. Note that the XTAL2 
levels are not TTL-compatible. 

Take care in board layout of the DSC circuit, as with 
any sensitive analog device. An application note of 
DSC circuit board layout hints is available from AMD 
(ISDN Systems Engineering Application Note, order 
#12557). 

The sidetone path defaults to -18-dB attenuation. If 
disabling the sidetone path is desired, the sidetone 
block must be enabled and programmed for infinite 
attenuation. 

Consider the LIU transformers, series resistors, and 
IC LIU output drivers as a functional unit. Transform- 
ers that meet CCITT 1. 430 requirements with other 
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transceivers are not necessarily appropriate for use 
with the DSC circuit, and vice versa. 

■ Interrupts should be masked when reading or writing 
any indirect or multibyte DSC circuit registers to 
prevent the possibility of an interrupt occurring and 
destroying the contents of the Command Register. 

■ If the MAP and secondary tone ringer are disabled, 
the EAR, AREF, and LS outputs are high-impedance. 
If the MAP is enabled, the unselected audio output is 
high-impedance. 

■ The MAP should not be enabled until after the LIU 
has achieved synchronization. This will eliminate the 
possibility of audible distortion when the internal 
device timing is re-synchronized to the S Interface. 

■ To make optimum use of the MAP digital signal pro- 
cesssing chain, use digital gain (GX) for fine adjust- 
ment, and analog gain (GA) for coarse adjustment. 



The user must program the Secondary Tone Ringer 
Frequency Register (STFR) with a legal value before 
enabling the secondary tone ringer. 

In order to exit Power-Down Mode due to LIU 
activation, both the F7 interrupt and the DSC/IDC 
circuit interrupt pin must be enabled. In order to exit 
Power-Down Mode due to IOM 2 activation, both 
the IOM 2 Timing Request interrupt and the DSC/IDC 
circuit interrupt pin must be enabled. 

The MAP auto-zero function must be enabled prior 
to enabling the MAP. For all normal applications, the 
auto-zero function should always be enabled. 

To ensure proper operation of the filters (X and R) and 
gains (GX, GR, GER, STGR, and ATGR), these reg- 
ister blocks should not be accessed more frequently 
than 1 28-us intervals. This allows the internal buffers 
to the map to operate properly since they are updated 
only once per frame. 
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DISTINCTIVE CHARACTERISTICS 



Supplies power for up to four-digital telephone 
lines 

Conforms to the CCITT recommendations for 
power feed at the S or T reference point 

Applications for intelligent NTs and PABX/ 
Central Office line cards 

Supports point-to-point and point-to-multi- 
point configurations 

Built-in battery control circuit for operation at 
-40 V 



■ Each of the four lines is individually controlled 



■ Status detectors for each line driver; open 
loop, current overload, low output voltage, 
thermal overload 

■ Programmable current limiting 

■ Automatic shutdown of overloaded lines 

■ Automatic thermal shutdown 

■ Microprocessor-compatible interface, 
including interrupt on current overload 

■ High-voltage bipolar technology allows battery 
voltages up to -65 V 

■ Output current up to 150 mA per driver 



7, 



OCK DIAGRAM 




ALE Ao CS Dt-Do RD WR INT RESET 



fTTT 

VssVccDGND Ium 



09153-001A 



This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended 
to help you evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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GENERAL DESCRIPTION 

n7938 Quad Exchange Power Controller (QEPC) 
ss a power source for up to four line interfaces. 

er source to the Am7938 is a local battery or a 
ilized regulated power supply. The Am7938 can 
in intelligent NTs or PABX/Central Office line 
cards. It can operate in point-to-point and point-to-multi- 
point configurations. Via the Am7938's microprocessor 
interface, each powered line is individually controlled 
and monitored. The powerto each line can be controlled 
independently. Therefore, overloads and faults are easy 
to detect and localize even in a large system. The status 
conditions detected by the Am7938 on each line that 



may be read by the microprocessor are: low output volt- 
age, open loop, current overload, thermal overload, and 
normal line conditions. 

Current limit and thermal shutdown circuits protect the 
Am7938 against overload conditions. However, certain 
applications may require additional external protection 
circuitry. 

The Am7938 has been developed specifically for 
CCITT-compatible ISDN configurations. Recognize, 
however, that due to its versatile design, the Am7938 
can be used in numerous other applications. 



GLOSSARY OF ABBREVIATIONS 



Ao 

ALE 

BGND 

C B 

CCITT 

CO 

COD 

CS 

D3-D0 

DGND 

IAR 

Ilim 

IsUM 

inT 

ISDN 

LER 

LVD 



Address Bit 

Address Latch Enable 

Battery Ground (Battery refers to 
Telephone Line Supply) 

Battery Compensation Capacitor 

Consultative Committee for International 
Telegraph and Telephone 

Central Office 

Current Overload Detector 

Chip Select 

Data Lines 3-0 

Digital Ground 

Indirect Address Register 

Current Limit Programming 

S-Output Current Limit 

Interrupt 

Integrated Services Digital Network 
Line Enable Register 
Low Voltage Detector 



MPI Microprocessor Interface 

NT Network Terminator 

OLD Open Loop Detector 

PABX Private Automatic Branch Exchange 

RD Read 

Rum Current Limit Programming Resistor 

RSRVD Reserved 

S S Reference Point 

S3-S0 S Driver Lines 3-0 

TE Terminal Equipment 

T/l Thermal/Interrupt Bit 

TOR Thermal Overload Register 

U U Reference Point 

Vb Battery-control Voltage 

Vbb Battery Supply 

Vcc +5-V Power Supply 

Vss Substrate Voltage 

WR Write 
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CONNECTION DIAGRAM 
Top View 



Do □ 

intc 

BGND □ 
Voo □ 

luM C 

C» □ 

Vss □ 

v B c 

So □ 10 

s- C 11 
v BB f- 12 



24-Pin DIP 
~\J~ 



24 □ D 2 



14 
13 



23 □Ds 
22 □ A, 
21 □ DGND 
20 □ ALE 
19 □ WR 

□ CS 

□ RD 

□ RESET 
15 □ S 3 

□ RSRVD 



Notes: 1. Pin 1 is marked for orientation. 

2. Reserved (RSRVD) pins should not be connected externally to any signal or supply. 



ORDERING INFORMATION 

AMD standard products are available in several packages and operating ranges. The order number 
(Valid Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 



AM7938 



B 

"L 



a. DEVICE NUMBER/DESCRIPTION 

Am7938 

Quad Exchange Power Controller (QEPC) 



e. OPTIONAL PROCESSING 

Blank = Standard Processing 
B = Burn-in 

d. TEMPERATURE RANGE 

C = Commercial (0 to+70°C) 

c. PACKAGE TYPE 

D = 24-Pin Ceramic DIP (CD 024) 



b. SPEED OPTION 

Not Applicable 



Valid Combinations 


AM7938 


DC, DCB 



Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD's standard military grade products. 
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PIN DESCRIPTION 

An 

Address Line (Input) 

Ao selects source and destination locations for read and 
write operations on the data bus. Ao must be valid on the 
falling edge of ALE or during RD and WR if ALE is tied 
High. 

ALE 

Address Latch Enable (Input; Active High) 

ALE is an input control pulse used to strobe the address 
on the Ao line into the address latch. This signal is active 
High to admit the input address. The address is latched 
on the High-Low transition of ALE. While ALE is High, 
the address latch is transparent. For an unmultiplexed 
microprocessor bus, ALE must be tied High. 

BGND 

Ground Battery 

Regulated output on V B is referenced to this ground. 



Battery Compensation Capacitor 

Cb is intended for users who operate the QEPC with an 
external Darlington transistor (Figure 2) to allow users a 
simple way of stabilizing the QEPC/Darlington circuit 
over a wide range of operating conditions. If the voltage 
on the S-output drivers oscillates due to some instability 
of the Darlington, a capacitor should be connected to C B , 
with the other side of the capacitor connected to V B . 

cs 

Chip Select (Input; Active Low) 

CS must be Low to enable the read or write operations of 
the Am7938. Data transfer occurs over the D3-D0 lines. 
The interaction of CS, RD, WR, and D3-D0 is described 
below. 

D3-D1 

Data Bus (Input/Output; Three State, Active High) 

The four bidirectional data bus lines are to exchange 
information with a microprocessor. Do is the least signifi- 
cant bit and D3 is the most significant bit. A High on the 
data bus co rresp onds to a logical 1 . These lines act as 
inputs when WR and CS are active and as outputs when 
RD and CS are active. When CS is inactive, the D3-D0 
pins are placed in a high-impedance state. 



DGND 

Ground Digital 

Digital ground to logic. 



IlM 

Current Limit Programming (Input) 

Ilim programs the current limit of the S drivers using 
an external resistor connected between Ilim and Vss. 
The Ilim pin is 1 .25 V more positive than Vss. The current 
limit is 5 mA plus 1000 times the current in the external 
resistor. The programmed current limit applies to each S 
driver. 

INT 

Interrupt (Output; Open-Collector, Active Low) 

INTaugments the Microprocessor Interface by generat- 
ing an interru pt w hen a Current Overload Detector 
(COD) occurs. INT is active whene ver any bits in the 
COD register are active. Not e tha t INT is not latched; 
whe n the COD register is zero, INT goes inactive (High). 
INT will also go inactive if the QEPC automatically dis- 
ables the S-output driver that caused the interrupt (due 
to Thermal Overload), or if the microprocessor disables 
that line via the Line Enable Register (LER). COD inter- 
rupts can be masked via the Indirect Address Register 
(IAR); RESET always disables the INT pin. 

RD 

Read (Input; Active Low) 

The active Low read signal is conditioned by CS and 
transfers internal information to the data bus. If Ao is a 
logical 0, logic levels of the Indirect Address Register 
(IAR) and Thermal Shutdown Status bit will be trans- 
ferred to D3-D0. If Ao is a logical 1 , the data addressed by 
the IAR will be transferred to D3-D0. 

RESET 

Reset (Input; Active High) 

RESET initializes the registers in the Am7938, leaving 
the S drivers switched off. 

S3— So 

S Drivers (Output) 

S3-S0 each supply power to one line. The outputs can 
sink up to 150 mA each. The voltage at the line is con- 
nected to Vbb through a saturated transistor switch. 



Battery Reference Voltage (Output) 

Vb provides an output proportional to the deviation of Vbb 
from an internal -40 V reference with respect to BGND. 
Vb can be used as a driver for an external PNP Dar- 
lington power transistor supplying power from the 
battery to Vbb (see Figure 2). 
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Supply Voltage S Driver (Input) 

Vbb supplies power to the S drivers. 

Vcc 

+5-V Power Supply (Input) 

Vss 

Substrate Voltage (Input) 

Vss is the internal negative supply voltage. Vss must 
always be connected to the most negative supply volt- 
age. The MPI Registers will not function properly when 
the battery power is disconnected, that is, when Vss is 
floating or grounded. The QEPC should also be reset if a 
drastic transient is applied to Vss. 



WR 

Write (Input; Active Low) 

The active Low write signal is conditioned by CS and 
transfers information from the data bus to an internal 
register selected by Ao. If Ao is a logical 1 , D3-D0 is 
written into the Line Enable Register (LER). If Ao is a 
logical 0, D3-D0 is written into the IAR. LER and IAR are 
the only two writable registers in the Am7938. 
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FUNCTIONAL DESCRIPTION 

The Am7938 is divided into two sections, the Analog 
section and the Microprocessor Interface (MPI) section. 
The analog section provides power and detects the 
status of the S lines. This status information is available 
to the microprocessor via the MPI. 



Initialization 

The Am7938 is initialized when reset by an external sig- 
nal applied to the RESET pin. In the initialized state the 
analog drivers are switched off, the Indirect Address 
Register (IAR) is cleared, and the internally latched 
address Ao is cleared. 



-40 V Power 

The voltage at the S drivers is approximately Vbb (less 
Vsat). A regulated -40V S output can be achieved by 
using the Ve pin to drive an external Darlington power 
transistor. 

Analog Section 

The major functions of the analog section are the four 
line drivers, which are saturated Darlington transistor 
switches capable of sinking up to 150 mA each. The 
power to the drivers is derived from the negative supply 
voltage (Vbb) to the Am7938. The output voltage to each 
line is slaved to Vbb, and the voltage drop in each driver 
is approximately 1 .5 V. 



Line driver protection is provided through the integration 
of current limit and over-temperature shut-off. The cur- 
rent limit is hardware-programmable via an external 
resistor (Rum) connected between Ium and Vss. The Ium 
pin is 1 .25 V more positive than Vss. The output limit is: 
5 mA+ 1000 1.25 V/Rlim. This 1 000 x gain makes the 
Ium pin susceptible to external noise. Care should be 
taken to connect Rum as close to the QEPC as possible. 

The thermal shut-off is internally set at approximately 
175°C. At this temperature all the drivers are uncondi- 
tionally switched off. However, at approximately 1 40°C, 
only the drivers that are in the current-overload condi- 
tion will be turned off. 

Status detectors, associated with each of the line driv- 
ers, monitor the load conditions on each line by compar- 
ing an electrical parameter (e.g., current and voltage at 
the line) with a reference level. The output of each de- 
tector can be read by the microprocessor. In addition to 
these status detectors, the temperature of the Am7938 
is monitored via integrated temperature detectors. The 
detectors respond at approximately 140°C and 175°C, 
as defined above, and the 1 75°C detector can be moni- 
tored by the microprocessor via the MPI. The status de- 
tectors provide the following information from each of 
the lines (all detectors have built-in hysteresis): 



Low Output Voltage Detection 

The low-output-voltage status bit becomes active when 
the output transistor is pulled out of saturation. 

Open Loop Detection 

The open-loop status bit becomes active when the cur- 
rent on the line drops below a minimum value. 

Current Overload Detection 

The current-overload status bits become active when 
the current on th e line nears the current limit. These bits 
activate the INToutput if COD interrupts are enabled via 
the IAR Register. 

Thermal Overload Detection 

If the Am7938 device temperature reaches 1 40°C, then 
all the line drivers in the current-overload condition will 
be switched off and the corresponding bits in the Ther- 
mal Overload Register will be cleared. If the device tem- 
perature increases to 175°C, all the line drivers will be 
turned off, and all the bits in the Thermal Overload Reg- 
ister will be cleared. The T-bit will also be set, and it can 
be read along with the Indirect Address Register (IAR) to 
indicate that all the drivers have been turned off. To 
initialize any of the bits in the Thermal Overload Regis- 
ter, the microprocessor must first turn off the line drivers 
via the Line Enable Register (LER) (see MPI definition). 
The line drivers must not be reactivated until the T-bit 
in the address register is cleared by the temperature 
detector in the Am7938. 

MPI Section 

The MPI allows the userto access the detectors defined 
in the analog section. The line driver's status bits are 
grouped by function. Bits 3-0 of the detectors corre- 
spond to lines 3-0, respectively. The status groups are: 

Low Voltage Detector (LVD) 
Open Loop Detector (OLD) 
Current Overload Detector (COD) 
Thermal Overload Register (TOR) 

The data is not latched in these status groups except in 
the TOR. Thus, the user should filter (multiple samples) 
the received data to ensure its integrity. There are two 
other registers in the MPI: the Indirect Address Register 
(IAR), and Line Enable Register (LER). 

The IAR contains 3 bits that address the desired status 
group or the LER. The IAR is read along with the T-bit 
defined in the analog section. The microprocessor can 
read the IAR to check the validity of the address. A 1 -us 
delay is required between a Write to the LER Register, 
followed by a Read of that same register. Subsequent 
reads of the LER do not have this constraint. 
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The LER is used to enable or disable the individual line 
drivers. The line drivers will only become active if the 
corresponding bit in the TOR is inactive. The LER is a 
read/write register. The M PI contains the interface to the 
following pins: 



Da-Do 


Bidirectional 


Data Bus 


A, 


Input 


Address Line 


ALE 


Input 


Address Latch Enable 


RD 


Input 


Read Enable 


WR 


Input 


Write Enable 


CS 


Input 


Chip Select 


INT 


Output 


COD Interrupt 



The 4-bit bidirectional data bus (D3-D0) is used to com- 
municate with the registers. Access to the registers is 
controlled by CS, RD, WR, ALE, and Ao as shown below. 
A read or write cycle must be preceded by a valid Ao. Ao 
is latched internally in a transparent latch by ALE. The 
selection of the status group or the LER is determined by 
the content of the IAR. 

The truth table for the MPI control is shown below: 



RD WR Ao 






1 








Write IAR (T bit is read only) 








1 





Read IAR and T bit 





1 





1 


Write LER 








1 


1 


Read status groups or LER 


1 


X 


X 


X 


No access 



Indirect Address Register (IAR) and T/l Bit 

The IAR is 3 bits wide and accessible through the data 
port, D2-D0. The content of the Indirect Address Regis- 
ter (IAR2-IAR0) determines the selection of the status 
groups or the LER. The thermal overload bit T/l is read 
and written at the same time as IAR and occupies D3. 
This register has the following format: 

Bit Symbol 

lARo Bit of the IAR 

1 IAR, Bit 1 of the IAR 

2 IAR2 Bit 2 of the IAR 

3 T/l T bit: (Read only) 

Logical 0: temperature normal 
(default value) 

Logical 1 : temperature above 175°C 
(all drivers shut off) 

I bit: (Write only) 

Logical 0: WT pin disabled 

Logical 1 : COD interrupts enabled 
via TNT pin 



IAR2-IAR0 address the status groups and the LER as 
shown below: 



IAR, 


IAR, 


lARo 


Select 











LVD 








1 


OLD 





1 





COD 





1 


1 


Reserved 


1 








Reserved 


1 





1 


Reserved 


1 


1 





LER 


1 


1 


1 


TOR 
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The contents and format of the status groups and the 
LER are as follows: 



LVD: 




Bit 


Logical 1 


Logical (default value) 





So low voltage 


So voltage normal 


1 


Si low voltage 


Si voltage normal 


2 


S 2 low voltage 


S 2 voltage normal 


3 


S 3 low voltage 


S3 voltage normal 



The Low Voltage Detector (LVD) indicates the voltage 
level on the S lines, even when the lines are disabled. 
Note however, that the detection threshold is slightly dif- 
ferent. The low-voltage condition becomes active (logi- 
cal 1) if the output reaches the Low Voltage Threshold 
(Vlvd) 



OLD: 



Bit 


Logical 1 


Logical (default value) 





So open loop 


So current normal 


1 


Si open loop 


Si current normal 


2 


S 2 open loop 


S 2 current normal 


3 


S3 open loop 


S3 current normal 



The Open Loop Detector (OLD) indicates the open-loop 
condition on the S lines. The open-loop condition 
becomes active (logical 1 ) if the current on the line drops 
below the threshold value ISOC. 



COD: 



Bit 



Logical 1 



Logical (default value) 



50 current overload 

51 current overload 

52 current overload 

5 3 current overload 



50 current normal 

51 current normal 

5 2 current normal 

5 3 current normal 



The Current Overload Detector (COD) indicates the cur- 
rent-overload condition on the S lines. The overload 
condition becomes active (logical 1 ) if the output current 
approaches the value programmed by an external resis- 
tor between Ilim and Vss. 



TOR: 



bit 


Logical 1 (aeTauit value; 


1 nni M i n 
Logical u 





So operational 


So off 


1 


Si operational 


Si off 


2 


S2 operational 


S 2 off 


3 


S3 operational 


S3 off 



The Thermal Overload Register (TOR) contains the 
overload status of the S line drivers. If the Am7938 
device temperature reaches 1 40°C, then the S line driv- 
ers that are in the current-overload condition will be 
switched off. The corresponding bits in the TOR will be 
set to a logical . To initialize any of the bits in the TOR, 
the microprocessor must first turn off the S line drivers 
via the LER. However, the TOR bits cannot be deacti- 
vated if the 1 75°C detector is active. The uP may re- 
enable the S drivers via the LER after the TOR condition 
is removed. The TOR is a read-only register. 



LER: 



Bit 


Logical 1 


Logical (default value) 





So on 


So off 


1 


Si on 


S, off 


2 


S 2 on 


S 2 off 


3 


S3 on 


S3 off 



The Line Enable Register (LER) is used to enable or dis- 
able the individual S line drivers. The S line will only 
become active if the corresponding bit in the TOR is set 
to a logical 1 . The LER can be written directly and read 
indirectly. 
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APPLICATIONS 

The Am7938 major applications are in intelligent NTs, 
and in PABX and Central Office line cards.The applica- 
tions show the Am7938 interfaced to the CCITT S inter- 
face point; however, the Am7938 can be used to control 
the power feed for any transformer coupled system, that 
is, the CCITT U interface point. 

The Am7938 Used With a Regulated Supply 

Figure 1 shows the Am7938 used with a regulated sup- 
ply voltage of Vbb = -40 V -Vsat. The output voltage 
from the S drivers (because of the voltage drop across 
the internal transistors) will be Vsat more positive than 
Vbb. The Vb and Cb pins are unused; Vss is tied to Vbb. 
Other battery voltages can be used. The Am7938 can 
power up to eight TEs per S line provided the total cur- 
rent per line does not exceed 150 mA. 

Recommended Decoupling: 

> 1 nF from Vcc to DGND 
0.1 uF from Vcc to DGND 
1.0 nF from Vss to DGND 
Vss shorted to Vbb 
DGND shorted to BGND 

The Am7938 Used With an External Power 
Transistor 

Power to the Am7938 is supplied from the local battery 
with an external power transistor to dissipate power 
from the Am7938. The Am7938 allows battery voltages 
up to -65 V provided the external power transistor can 
handle the power dissipation (see Figure 2). 

Recommended Decoupling: 

> 1 uF from Vcc to DGND 
0.1 uFfrom Vcc to DGND 
1.0 uF from Vss to DGND 
0.1 uFfrom Vbb to DGND 
TBD uE from Cb to V B 
DGND shorted to BGND 

The Am7938 Employing a Relay to Provide 
Polarity Reversal 

The CCITT recommends that polarity reversal be used 
to resolve the power contention in a point-to-multipoint 
configuration when local power is lost. In Figure 3, polar- 
ity reversal is implemented using the Am7938 and one 
additional relay. The coil and contacts of the relay are 
connected so that the relay is activated when local 
power is available, and is deactivated when local power 
is lost. Hence, power consumption is minimized when 
local power is lost. 

An alternative solution for power contention resolution is 
to power only a few lines when local power is lost. In the 
Am7938, each line is independently controlled via the 
microprocessor through the LER, hence, the micropro- 
can turn off non-priority lines as required. 



Four Am7938s Interfaced to a Microprocessor Bus 

Figure 4 illustrates four Am7938s interfaced to a micro- 
processor. Only the lower four data lines from the 
microprocessor's 8-bit data bus are used. These are 
connected to the Am7938's D3-D0 pins. In a non-multi- 
plexed microprocessor bus system ALE must be tied to 
a logical 1 . 

Protection of the QEPC Against Overvoltage 

In Central Office (CO) or long-line PABX applications, 
the QEPC requires additional external protection 
against lightning and voltages induced from the power 
lines. 

Figure 5 shows how the QEPC and the system is 
protected via an overvoltage-limiting device and fuse 
resistors. 

The voltage-limiting device limits the voltage on the S 
line to a safe value, and the fuse resistors break the cir- 
cuit if a continuous high-power source is connected to 
the S line. The diode in the battery line prevents the line 
surges from going below the substrate voltage. 

General Information 

INT should be connected to an edge-triggered input on 
the controlling microprocessor since INT is not latched. 
In this way, the microprocessor interrupt logic will latch 
thefactthat INT went Low. INT is an open-collector out- 
put so that multiple QEPCs can be wire-ORed to pro- 
duce a single interrupt for all QEPCs on a line card. It is 
impossible to read the Current Overload Interrupt mask 
since the interrupt mask bit is shared with the Thermal 
Shutdown bit (MSB of the IAR). Therefore, it is prudent 
to keep a RAM copy of the interrupt mask if this status is 
required for the application. 

The microprocessor should enable one S Output Driver 
at a time (via the LER) to avoid undue current surges 
through the QEPC. This is due to the inherently induc- 
tive nature of the S Interface Lines. The user should 
expect the corresponding bits in the COD Register to 
momentarily become active when the Line has just been 
enabled. Because of this, it is recommended to mask 
the COD Interrupt (via the IAR Register) until all desired 
lines are enabled. In addition, for highly inductive lines, 
the user should connect a 0.01 -uE capacitor from each 
S Output Driver pin to Vss. Protective diodes should also 
be connected to S Output Drivers under these condi- 
tions (see Figure 5). 

The COD Interrupt Service Routine should not blindly 
assume that the S Interface Line corresponding to the 
COD bit is shorted and immediately disable that line. A 
short circuit condition can be determined by the pres- 
ence of a COD and a Low Voltage Detector (LVD) on the 
same line. This fact should be considered if the line 
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normally operates near the programmed current limit 
(set by Rum). Also, a momentary COD Interrupt may be 
generated by an additional load if the line was already 



operating near the programmed current limit. The COD 
Interrupt Service Routine should read the COD Register 
again to determine if the COD was a transient spike. 
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Figure 1. The Am7938 Used With a Regulated Supply 

(other battery/Som voltages can be used) 
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Figure 2. The Am7938 Used With an External Power Transistor 
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Figure 3. The Am7938 Employing a Relay to Provide Polarity Reversal 
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Figure 4. Four Am7938s Interfaced to a Microprocessor Bus 
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Figure 5. Protection of the QEPC Against Overvoltage 
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Figure 6. Current Into Vb 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature -60°C to +150°C 

Voltage from Digital Input 

to DGND -0.4 V to Vcc 

Voltage from Vcc 

to DGND -0.4 V to 7 V 

Voltage from Vss 

to DGND -70 V to +0.4 V 

Voltage from Vbb 

to DGND (Vss -0.4 V)to+0.4V 

and (Vcc -70 V) to +0.4 V 

100-ns Pulse Voltage from Si 

to DGND (Notes 1 and 3) -90 V to + 2 V 

Voltage from BGND 

to DGND Vss to Vcc 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 



OPERATING RANGES (Note 2) 



Commercial (C) Devices 

Ambient Temperature(TA) 0°Cto+70°C 

DGND V 

BGND Voltage -2 V to + 0.5 V 

Vcc Voltage +5V±5% 

Vbb Voltage -65 V to -38 V 

Vss Voltage, Vb Unused Vbb 

Vss Voltage, V B Used -65 V to -43 V 



Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 

Notes: 

1. Si stands for So, Si, S 2 , or S3 outputs. 

2. Operation at smaller Vbb magnitudes is possible, but 
parameters are not guaranteed. Vbb must be at least -15 V 
with respect to BGND. 

3. The test condition is specified with a diode in series with Vss 
as shown in Figure 5. 
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DC CHARACTERISTICS over commercial operating range 



Parameter 
Symbol 


Parameter 
Description 


I est conditions 


Mm 


Typ 


Max 


1 In r+ 

unit 


V,K 




Logic Input High Level 




2.0 






V 


V,L 


Logic Input Low Level 








0.8 


V 


loH 


Logic Output High Current 


(Voh = 2.4 V) 


400 






HA 


loL 


Logic Output Low Current 


(Vol = 0.4 V) 


2.0 






mA 


llH 


Logic Input High Current 


(V,„=2.0 V) 






10 


uA 


la. 


Logic Input Low Current 


(V, L = 0.8V) 






60 


HA 


\am 


Output Hi-Z Current High 


(2.4 V < Voz < Vcc) 






10 


uA 






Output Hi-Z Current Low 


(0 V<Voz<0.4V) 






10 


HA 


Ice 




Vcc Supply Current 






17 


TBD 


mA 


c, 

u 




Logic Input/Output Capacitance 






10 




PF 


VSAT 




Saturation Voltage 


(Vsi - Vbb), 
la = 1 50 mA 






2.0 


V 


Ib 




Current Into V B (see Figure 6) 


Vbb =-42 V 
Vbb = -38 V 


1200 




80 


HA 
uA 


Iss 




Vss Supply Current 


Vss = -65 V, 
Vbb =-40 V 




1.5 


TBD 


mA 


Ibb 




Vbb Supply Current, Vbb = -42 V 


(Outputs Disabled) 




2.6 


TBD 


mA 


IsUM 




Limit Current 


Rum = 8.62K 


TBD 


150 


TBD 


mA 








Rum = 27.8K 


TBD 


50 


TBD 


mA 


V LTO 




Low Voltage Detector 


Si Off 




1.7 


TBD 


V 






Relative to Vbb 


Si on 




3 


TBD 


V 


IsOL 




Current Overload Detector(lsuM) 




TBD 


85 


TBD 


% 


Isoc 




Current at Open Circuit Detector 




TBD 


5 


TBD 


mA 


Uz 




Si Current to Ground, Si Disabled 


S, is i-th output 




50 


TBD 


uA 


Hlvd 




Low Voltage Detector Hysteresis 






60 




mV 


Hold 





Open Loop Detector Hysteresis 






1 




mA 


Hcod 




Current Overload Detector Hysteresis 






2.6 




mA 






Thermal Detector (140°C) Hysteresis 






15 




°C 


Hl75 




Thermal Detector (175°C) Hysteresis 






15 




°C 
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SWITCHING CHARACTERISTICS over operating range 



Parameter 


Parameter 


Parameter 








Number 


Symbol 


Description 


Min 


Max 


Unit 



Microprocessor Read/Write Timing 





1 


tRLRH 


RD, CS Pulse Width 


220 




ns 




2 


tRHRL 


RD Recovery Time 


200 




ns 




3 


tRLDA 


RD, CS Low to Data Available 




220 


ns 




4 


tRHDZ 


RD orCS High to Data Hi Z 




110 


ns 




5 


Uhal 


ALE Pulse Width 


60 




ns 




6 


Udal 


Address Setup Time 


30 




ns 




7 


Udaz 


Address Hold Time 


30 




ns 




8 


tAZRL 


Address Hi Z to RD Low 







ns 




9 


tWLWH 


WR orCS Pulse Width 


200 




ns 




10 


twHWL 


Write Recovery Time 


200 




ns 




11 


toAWH 


Data Setup Time 


100 




ns 




12 


twHDZ 


Data Hold Time 


30 




ns 



Reset Timing 





13 


t-RES 


Reset Pulse Width 


200 




ns 




14 


tpHRL 


Power Stable to Reset Low 


1 




US 




15 


Ucc 


Reset Recovery Time to Access 


700 




ns 






S 


i Timing 






Typ 






16 


Dm 


Si Output Enable Time (from LER) 


1 




(IS 




17 


tois 


Si Output Disable Time (from LER or RESET) 


2 




US 



Note: All switching characteristics tests are performed with a 100-pF test load, and TTL-compatible voltage levels. 
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Notes: 

1. If 

2. If 
3. 



tcLRL is negative, t RH RL, tpum, t*zR L , and t nLDA are measured f rom CS rathar than RD. 
t RH oH is negative, t nH Ri, tpum, and t RH Dz are measured from CS rather than RD. 
When a read from the LER immediately follows a write to the LER, a minimum of 1 us is required between these operations. 
Th s is to allow the internal buffers in the Am7938 to settle. Subsequent reads from the status group or the LER do not have 
this restriction. 



Figure 7. Microprocessor Read Timing 
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Notes: 1 . If tcLWL is negative, twHWL and twm/H are measured from CS rather than WR. 

2. If tvmcH is negative, tw H wL, twLWH, Idawh, and twHDz are measured from CS rather than WR. 

3. The propagation delay from the writing of the T/l bit to the effect on the INT pin is approximately 1 .3 |is for both 
mask and enable operations. 



Figure 8. Microprocessor Write Timing 
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Figure 9. Reset Timing 
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El AMD 

PHYSICAL DIMENSIONS 

Preliminary; package in development. BSC is an ANSI standard for Basic Space Centering. Dimensions are 
measured in inches or millimeters. 
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